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The purpose of these studies was to evaluate the effects of a dietary fat
supplementation on growth, reproduction and performance characteristics of replacement
beef heifers reared in different management systems (pasture and dry lot conditions). The
objectives were (1) to quantify changes in body composition traits and growth
performance of replacement beef heifers fed different levels of fat in the supplemented
diet, (2) to determine the reproductive performance of heifers supplemented with dietary

fat in either a ryegrass pasture system or a dry lot system, and (3) to determine the value
of real-time ultrasound technology (RTU) as an alternative technology to assist producer
in the decision making process within replacement beef heifer programs. Over the three
year study, we observed that both high (3 - 5%) and low (1.5 – 2.5%) levels of dietary fat
supplementation of replacement heifers did not have a negative affect in reproductive
performance and body composition traits significantly, compared to controls (pasturebase, no supplementation). However, a positive response with respect to some body
composition traits was observed in animals fed the higher level of dietary fat in 2004 and
2005 studies. Overall, growth of animals grazing ryegrass outperformed animals
supplemented with dietary fat in a dry lot system; yet when dietary fat supplementation
was integrated with a ryegrass pasture system, besides the positive effects in body
composition traits metabolic changes in relevant reproduction hormones were observed
with the addition of dietary fat treatment. Finally, the use of information on body
composition traits of replacement beef heifers through the use of real-time ultrasound
technology in the decision-making process resulted in a small financial return in these
studies. However, the use of this alternative technology in a replacement beef heifer
program may have additional value beyond the limited feeding periods reported here.
These may include, a greater ability to predict heifer fertility as linked to growth and
developmental characteristics (e.g., body composition traits), yet this requires further
study.
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CHAPTER I
INTRODUCTION
Nutrition should be the primary concern to optimize animal growth and
subsequent performance in a cow-calf (Bos Taurus) enterprise. Replacement heifers
represent 10 to 20 percent of the cow herd each year. This productivity and profitability is
largely dependent upon growth and reproductive performance of the replacement heifer.
However, management strategies that ultimately affect lifetime productivity and
reproductive performance of heifers play an important decision in a cow-calf operation.
For growing animals, supplementation programs are used to ensure better animal
growth and avoid future detrimental performance when nutrient requirements are limited.
The effects of dietary fat as a supplement to the diet is recognized in the animal science
literature as an important aspect of nutrition affecting reproductive performance and
carcass traits in beef cattle. Therefore, the use of supplemental fat in the diet in different
feeding strategies, such as grazing or drylot system, are designed to maximize forage
intake and digestibility of low quality pasture and increase forage availability, and
supplemental feeding can reduce land costs by utilizing small spaces in a drylot system,
or maximizing stocking rate in a grazing system (Olson (2005). Metabolically, the use of
dietary fat supplementation might influence reproductive performance by affecting

1

2
follicular activities and circulating hormone concentrations such as cholesterol and
progesterone (Funston et al., 1995). As long as economically feasible, the use of dietary
fat at a reasonable level can also improve feed efficiency and carcass traits such as rib fat,
rump fat and marbling score in beef cattle (Felton and Kerley, 2004).
The growth and development of the replacement female as well as her fertility is
one of the most economically important traits of any cow-calf operation. Live animal
ultrasound information can potentially estimate some of the physiological changes and
carcass attributes that seems to be related to the reproductive performance of female beef
cattle. Targeting the right strategy, considering nutrition, genetics and emerging
management techniques, or adoption of technological advancements, such as live animal
real-time ultrasound (RTU), will enable producers to make decisions that result in a
profitable livestock enterprise. Very few studies have focused on the use of RTU to make
management decisions in a cow-calf operation, and the value of this technology in
predicting information about body composition traits and female fertility is not well
understood.
The objectives of the following studies were (1) to evaluate the different levels of
fat content in the supplemented diet of replacement beef heifers, which were managed in
different feeding systems such as drylot conditions and grazing pasture, with respect to
body composition traits; (2) to determine the reproductive performance of heifers fed
different levels of supplemental dietary fat in the diet, following artificial insemination;
and (3) to determine the value of real time ultrasound information on the relevant

3
physical characteristics of yearling beef heifers in selecting individual animals to include
in a replacement heifer development program.

CHAPTER II
LITERATURE REVIEW

Dietary Supplements
Feed supplements are feedstuffs used to improve the value of basal feed, from
which supplementation programs need to accurately and effectively provide limiting
nutrients for growth, lactation and or reproduction in an economical manner (Bowman
and Sowell, 1997). Nutrients are those substances, usually obtained from feed, which can
be used by the animal when made available in a suitable form to its cells, organs, and
tissues. It may be a single element such as iron or cooper, or it may be a large, complex
chemical compound composed of many different units, such as starch or protein. Many
nutrients are individually required for normal body metabolism, growth, and
reproduction; others either are not essential or can be replaced by other nutrients.
However, the uses of supplement sources are needed especially when pasture growth is
insufficient to meet livestock requirements or when the greatest animal performance is
desired. A primary concern when administering self-limiting supplements is ensuring that
animal intake is maintained at the desired level to meet nutrient requirements (Bowman
and Sowell, 1997). Moreover, nutrient requirements for animals of different frame sizes
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at different phases of life need to be grouped into different phases of production and
development. For example, maintenance requirements vary from animals of different
species, age, weight, and season of yr. Total nutrients in this case are necessary for
normal body function (homeostasis); for example, tissue repair, respiration, circulatory
system activity, and metabolic activities. Reproductive requirements, vary over and
above the daily maintenance need, and are used for the development of the reproductive
system and for the development of placenta and fetus during pregnancy in the female. In
this phase, nutrient requirements are most critical during the last trimester of pregnancy.
At that time, adequate nutrition, especially energy, is essential for proper development of
the fetus and to prepare the heifer/cow for calving and lactation.

Supplement type and delivery method
Supplementation programs for grazing cows have not always been shown to be
effective, primarily because measurements, such as subsequent pregnancy rate, calving
interval, or calf growth, have not been consistently improved (DelCurto et al., 1990).
Some of this inconsistency may be due to variation in supplement intake by individual
animal, type of supplement, delivery method, environmental conditions and animal
behavior within group. Bowman and Sowell (1997) reported that variation in supplement
intake could be influenced by supplement delivery method, and the social interaction of
individual animals within the herd (Wagnon, 1965). These findings were also reported by
Friend and Polan (1974), which stated that social dominance within herd is associated
with age and may be modified by supplement delivery method (Bowman et al., 1999).
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The fact is that high levels of competition for supplement, as in hand-feeding, generally
increases the proportion of animals not consuming the supplement, whereas low levels of
competition, as with self-fed supplements, generally increases variation in supplement
intake (Bowman and Sowell, 1997).
Liquid and block supplements, classified as self-fed, can be thought of as a
delivery method that attempts to allow unlimited trough space per animal, and
theoretically should increase an animal’s opportunity to properly consume the
supplement, or reduce the percentage of non-feeders. According to Sowell et al. (2003),
for self-fed supplements, several factors influence consumption, including supplement
source proximity to water, preferred grazing areas, and supplement formulation and
palatability. Traditional dry supplements being hand-fed, allow tight control of
supplement allowance but, depending on feeding method, include the effects of trough
space and cause a variation in supplement intake. Trough space per animal can influence
competitiveness and variation in supplement consumption. However, excess trough space
can increase variation in hand-fed supplement consumption. Wagnon (1996) observed
that 91 cm of trough space per cow, results in less fighting and dominance or submissive
behavior during supplementation than when 180 cm/cow was allowed. In addition
according to the author, 91 cm of trough space did not allow cows to fight without
backing away from the trough, and therefore fewer animals were pushed away from the
supplement. When excessive trough space was allowed, dominant cows were observed to
chase others away from one side of the trough and to spend more time fighting than
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eating. The proportion of nonfeeders in a herd will usually increase with restricted access,
but that restriction may encourage grazing and forage intake (Sowell et al., 2003).

Feeding supplements under different management systems

Drylot system
A drylot is a relatively small enclosure with little or no vegetation, either with
shelter, or open yard, in which animals may be confined. Feeding animals in a drylot is
viable for commercial beef production as it reduces land costs for grazing, provides a
market for cropping system products not otherwise marketable, and allows herd to be
maintained during drought season (Anderson, 1998a). However, the need for frequent
feeding and management may be the greatest enemy in a drylot beef cow enterprise. As
expected, drylot supplementation is formulated to meet the nutrient requirements of the
animals utilizing small spaces. As a result, intake is generally limited and more
concentrate feed is required to reduce cost of the diets. According to Olson et al. (1992),
drylot use allows intensive nutritional management to insure proper development for
successful breeding in the short term, but heifer productivity in the long term may be
compromised. In a recent review, Provenza and Balph (1988) reported the importance of
early experience in shaping the interaction of grazing livestock with the range resources.
This finding agrees with Flores et al. (1989a), which reported that early learning
experience improves foraging skills, including greater bite size, biting rate, and success at
prehending bites. Limited amount of information has been published concerning the
reproductive merits and limitations of beef heifers in a drylot system. Olson et al. (1992)
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evaluated the growth and reproductive performance of heifers overwintered on range or
drylot environments for two consecutive yrs, and found that ADG and weight at initiation
of the breeding season did not affect reproductive performance, including the proportion
that were pubertal at breeding, pregnancy rate, or mean d of conception in either yr.
However, growth during subsequent summer grazing was greater in both yrs for range
heifers, resulting in heavier weights compared with drylot heifers at the end of summer
grazing. Dahmen et al. (1976) compared performance of Panama ewes (Ovis airies)
maintained in drylot yr-round with ewes grazed on irrigated pastures during summer and
reported that fewer lambs were born per ewe in the drylot system than on irrigated
pasture. On the other hand, Bell and Parker (1965) obtained higher lambing percentages
from ewes grazed on bluegrass (Poa L) 168% or Ladino clover (Trifolium Ladinun L.)
(184%) than ewes fed alfalfa (Medicago Sativa L.) hay in the drylot system (157%).
Perry et al. (1972) in a four yr replicated study with finishing beef cattle used a full feed
concentrate diet in a drylot system following various levels of concentrate feeding during
spring plus summer pasture (May 6 to September 18) and found that gains in the drylot
system following the pasture phase were negatively correlated (r = -0.96) with the
previous gains during the pasture phase. For each additional kilogram the cattle gained
during the pasture phase, they gained 0.29 kg less in the drylot phase.

Pasture system
A pasture is an area of land in which there is a growth of forage that animals may
graze, and it can be classified as either seeded pastures, or native pastures. Grazing is the
process by which animals harvest their own feed (grass, legumes, browse, and or forbs)
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from its growing condition. Restricted nutrient intake is probably the major factor that
limits production by grazing animals (Hodgson, 1982). Grazing management plays an
important role for effective supplementation. Management of grazing distribution and
supplementation interacts with each other to improve grazing distribution across the
landscape (Bayley et al., 1996). According to Olson et al. (2000), supplementation
involves the use of specific classes of nutrients, such as undegradable intake protein or
specific fatty acid as metabolic triggers to induce desired responses. Several studies have
shown that supplying supplemental protein and energy to cattle consuming low to
moderate-quality forages can increase BW gains and forage organic matter intake and
increase forage digestibility; however, data are limited concerning the effect of
supplementation regimes on grazing behavior. Grazing is predominantly a daylight
activity in sheep (Arnold and Dudzinski, 1978) and cattle (Stobbs, 1970).
Supplementation can cause shifts in daylight grazing behavior patterns; however, there is
no evidence that supplemented animals alter their percentage of daytime vs. nighttime
grazing compared to unsupplemented animals (Krysl and Hess, 1993). Adams (1985)
postulated that disruption of normal grazing activity resulting from supplementation
regimes could adversely affect forage intake and animal performance.
Physical form of the supplement and frequency of feeding are always important
considerations when a supplementation program is formulated for grazing animals. Hess
et al. (1992) found that harvesting efficiency (HE) was increased (P < 0.05) in cattle
grazing dormant intermediate wheatgrass (Agropyron Gaertn) and restricted supplement
with isonitrogenous quantities of cottonseed meal (0.038) compared with corn gluten feed
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(0.029); HE for chopped (2.54 cm) alfalfa hay was intermediate (0.035; P > 0.10). These
findings also reinforce the concept that providing protein supplements to cattle grazing
low-quality forages increases HE and indicates that HE can be modified by altering the
nutrient composition of diets consumed by grazing ruminants. In contrast, Sowell et al.
(2003) supplying high-nitrogen liquid supplement (50 to 57% CP) to cows grazing lowquality winter native range could increase forage digestibility and intake, and reduce
body condition loss.
Forage supplementation with readily fermented feed improves performance of
beef cattle through increased ruminal capture of forage N, increasing microbial protein
production, ruminal outflow of undegradable feed protein, and increased production of
propionate and total volatile fatty acid (England and Gill, 1985; Hoover, 1986). Olson
(2005) reported that when forage quality is low, such as grazing dormant rangeland in the
winter, protein is the recommended nutrient to supplement; and when crude protein in the
forage is less than 7%, supplemental protein causes a positive associative effect; meaning
not only does it overcome the protein deficiency, but it also stimulates increased
utilization of nutrients from the basal forage. Supplementation in most areas where
domestic ruminants graze is a major factor to consider when making management
decisions, and energy requirements of grazing livestock seem to be poorly defined (Caton
and Dhuyvetter, 1997). Krysl and Hess (1993) reviewed data evaluating supplementation
on grazing time, and concluded that increasing the level of supplemental grain (starch)
decreased the amount of time spent grazing. The same was found by Horn and McCollum
(1987), and Paterson et al. (1994), who reported that energy supplementation reduced
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grazed forage intake in ruminants. Caton and Dhuyvetter (1997) reported that in growing
cattle, weight gains are often improved by energy supplementation, but at moderate levels
of supplementation, improved reproductive performance has been difficult to achieve.
However, Vanzant and Cochran (1994) reported shorter intervals to conception in cows
grazing bluestem (Andropogon L.) range and supplemented with alfalfa.
Winter feeding cow herd with hay and protein supplements is part of normal
management practices; however, sod seeding of perennial pastures with annual grasses
(Lolium multiflorium) and legumes has been accepted as an alternate feeding system that
provides high quality forage early in the grazing season in a cow-calf operation.
Complementary forage systems based on warm-season perennial grasses and cool-season
annual grasses have shown promise as a method of providing supplemental nutrients and
decreasing hay requirements (Utley and McCormick, 1978; Hill et al., 1985; DeRouen et
al., 1994). Olson (2005) reported that provision of complementary forages, particularly
during the pre-and postpartum period in the annual beef cow production cycle, could be a
powerful tool to improve the nutritional status and reproductive performance of cattle. In
addition, supplementation particularly the use of protein with low-quality forages can
augment beef cow reproductive status, as long as it is managed in concert with proper
grazing management. Hill et al. (1985), evaluating four beef-herd feeding systems using
ryegrass sod-seeded in perennial pastures on replacement beef heifers, reported that ADG
was not statistically significant (P < 0.05) in heifers on pasture with sod-seeded ryegrass
than in heifers on pasture without sod-seeded ryegrass. In the same study, pregnancy rate
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was 95% and 87.5% for heifers on pasture with sod-seeded ryegrass versus 90.9% and
86.4% for heifers on pasture without sod-seeded ryegrass.

Supplement sources and their influence on growth and reproduction

Protein
Protein supplementation in beef cattle can increase forage intake and digestibility
in poor quality pasture improve lactation and enhance reproduction by altering the
pituitary and ovarian function (Caton et al., 1988; Short et al., 1990; Wheeler et al., 2002
as cited by Kane et al., 2004). Optimal dietary protein quantity and quality are necessary
to maximize lean growth of animals. Both quantity and quality must be considered
together because proteins are not utilized to the same extent. Protein quality is often
defined by its biological value, and is calculated by determining the percentage of
consumed protein that is actually retained by the body (Gerrard et al., 2003). Diets with
sufficient energy but insufficient protein for tissue protein deposition result in increased
fat deposition in adipose tissue depots. Ruminal bacteria can use various sources of
nitrogen (primarily ammonia and some amino acid and peptides), energy (derived from
fermentation), and minerals for growth (NRC 2001). The minimum concentration of
ammonia-nitrogen in ruminal fluid needed for bacterial growth and digestion has been
estimated by various procedures (Satter and Slyter, 1974; Mehrez et al., 1977; Edward
and Bartley, 1979) with little consensus. Ammonia is derived from degradation of protein
or non-protein nitrogen (NPN) in the rumen. Although most bacterial species in the
rumen can survive using ammonia as their sole source of nitrogen (Bryant and Robinson,
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1963), added protein may stimulate bacterial growth by providing amino acid (Maeng
and Baldwin, 1976). Typically the least costly dietary source of ruminal ammonia is
some form of NPN. Brown et al. (1991) fed cull cows with ammoniated hay
supplemented with molasses or molasses plus cottonseed meal and had greater (P < 0.01)
hot carcass weights, younger (P < 0.05) skeletal maturity, slightly more (P < 0.10)
marbling, greater (P < 0.01) USDA quality grade, whiter (P < 0.01) subcutaneous fat, and
greater (P < 0.01) estimated kidney, pelvic and heart fat than cows fed ammoniated hay
alone.
High levels of dietary CP have been shown to impair fertility in dairy cows by
increasing the interval from calving to first ovulation and or estrus (Jordan and Swanson,
1979a) and by reducing pregnancy rate (Canfield et al., 1990). High levels of ruminally
degradable protein or ruminally undegradable protein in excess of requirements increase
plasma ammonia and urea levels in body fluid and may negatively impact fertility in
female cattle (Butler et al., 1996). The high plasma urea nitrogen levels are thought to
alter uterine pH (Elrod and Butler, 1993; Elrod et al., 1993) and the composition of
uterine secretions (Jordan et al., 1983), and thus cause reductions in embryo development
and survival observed in some studies (Blanchard et al., 1990; McEvoy et al., 1997).
Sinclair et al. (2000), utilized recovered oocytes from heifers offered diets with different
rates of nitrogen release in the rumen and reported that diets that generate high
concentrations of ammonia and urea offered during the latter stages of ovarian-follicular
development could also compromise fertility by reducing the proportion of oocytes that
develop to d 8 after fertilization. In addition to compromising embryo survival, high-
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ammonia-generating diets have been found to alter fetal growth, with possible
implications for postnatal development. Patterson et al. (2003) supplementing
peripubertal beef heifers to meet metabolizable protein requirements (MPR) reported that
animals at pregnancy testing when they were 2 yrs of age were heavier (P = 0.041; 425
kg) than animals fed conventional supplementation (421 kg). In addition pregnancy rate
was higher (P = 0.001) in the MPR (91%) compared to the conventional supplementation
treatment (86%). As reported by Kane et al. (2004), nutritionally influenced mediators of
energy balance and reproductive function, such as insulin, the IGF system, and leptin
(Gutierrez et al., 1997; Snyder et al., 1999; Sansinanea et al., 2001) may be modified by
protein supplementation (Hunter and Magner, 1988; Wiley et al., 1991; Noguchi, 2000).
Lalman et al. (2000), utilizing beef heifers, found that the length of the postpartum
interval was negatively correlated with serum levels of IGF-1 and insulin but positively
correlated with serum GH. Protein supplementation has been shown to increase insulin
release (Wiley et al., 1991), and insulin can interact with GH and it’s binding in the liver,
which may affect IGF-1 release (Keisler and Lucy, 1996) and consequently affect tissue
responsiveness to LH production (Beam and Butler, 1999). Armstrong et al. (2001) fed
primiparous (Hereford x Friesian) heifers with low and high levels of protein; found that
high dietary protein concentration influenced oocyte quality, with developmental
competence being negatively correlated with plasma urea levels.

Energy
The maintenance requirement for energy can be defined as the amount of feed
energy that will result in no loss or gain in body energy (NRC, 2001). The energy
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required for maintenance increases with body size. Maximum tissue protein accretion
also requires an optimum amount of dietary energy. The effects of high-energy diets on
gain and efficiency are well documented; but the effects on carcass characteristics and the
interaction with different cattle types are not as well defined. Sources of supplemental fat
as energy in the diet may affect composition of fat deposition in ruminants depending on
degree of hydrogenation (Ogilvie et al., 1961). Incorporation of fats with an increased
proportion of saturated fatty acid in diets will tend to change the carcass fat from soft to
more firm, thus the name “fat hardening diets” (Gerrard et al., 2003). Schoonmaker et al.
(2004) fed young steers a high-grain energy (Nem, Mcal/kg = 2.11) ad libitum diet,
which caused an appreciable amount of energy to be partitioned to subcutaneous fat,
thereby accelerating physiological maturity. As a result, when steers were harvested at a
constant age or fat thickness, smaller carcasses with smaller longissimus muscle area and
less intramuscular fat were produced. As long as economically feasible, the use of
dietary fat at a reasonable level can improve feed efficiency and marbling score in beef
cattle (Felton and Kerley, 2004). According to Alao and Balnave (1984) different fats or
oil sources may vary in their influence on growth and carcass composition.
Inadequate dietary energy intake and poor body condition can negatively affect
reproductive function. According to Funston (2004) supplemental lipid may also have
direct positive effects on reproduction in beef cattle independent of the energy
contribution. Funston (2004) reported that lipid or fat supplementation has been shown to
positively affect reproductive function at several important tissues, including the
hypothalamus, anterior pituitary, ovary and uterus. Gombe and Hansel (1973) as cited by
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Bagley (1993) found that heifers fed low energy diets reached puberty at an older age and
had lower progesterone blood levels than heifers fed higher energy diets. Bellows (1997)
reported that pregnancy rates in a 53 d breeding season were higher in heifers fed 4.9%
fat diets during gestation (83.3%) than heifers fed 1.7% fat diets during gestation
(79.6%). Fries et al. (1998) reported that the mechanism by which fat supplementation
may be responsible for an increase in pregnancy rate is by augmenting the circulating
levels of prostaglandin (PGF2α) early after calving. Prostaglandin plays an important role
in uterine involution and in this manner could enhance fertility after calving. Randel et al.
(1998) and Velez et al. (1991) reported that increasing peripheral PGF2α concentration
through either exogenous PGF2α administration or uterine manipulation might cause an
increase in cumulative frequency of return to estrus by 100 d after calving. Lammoglia et
al. (1996) also found that high levels of fat (14 d prepartum to 22 d postpartum)
decreased circulating estradiol concentrations before calving compared to low or
moderate levels. The author also hypothesized that the enzyme 17α-hydroxylase, which
converts progesterone to estradiol, was suppressed in the high-fat supplemented cows and
consequently greater plasma concentrations of progesterone and cholesterol were found
in cows supplemented with high levels of fat. Lucy et al. (1992) and Thomas and
Williams (1996) as mentioned by Fries et al. (1998) reported that enhanced ovarian
follicular development and luteal function observed in fat-supplemented cows were due
to changes in serum concentrations of metabolites and metabolic hormones that may act
at the hypothalamic-pituitary-ovarian axis. Similarly, fat supplementation may increase
glucose production through increased propionate production. This increase in glucose
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may have a positive effect on LH release (Funston et al., 1995). The increased LH
concentration in plasma causes an increase in the size of preovulatory follicles, which
stimulates the latter stage of follicular growth (Mattos et al., 2000 as cited by Funston,
2004).

Types of Supplemental Fat
Many types of supplemental fat have been fed to beef and dairy cattle under
experimental conditions. Some of these include blend of animal and vegetable fat, tallow,
yellow grease, fishmeal, cottonseed, soybean, rapeseed, canola seed, peanut hearts,
safflower seed, sunflower seed, flax seed, flaked fat, prilled fat, hydrogenated fat,
calcium soaps of fat, medium-chain triglycerides, and FFA (Staples et al., 1998; Williams
and Stanko, 1999).

Soybean and soybean by-products
Supplemental protein may constitute a substantial portion of the feed cost in
growing beef cattle diets, and at certain times whole raw soybean or extruded soybean
meal and or soybean oil can offer an economical advantage over soybean meal
supplements (McCormick et al., 1983; Van Dijk et al., 1983; Mader 1988 as cited by
Albro et al., 1993). Madron et al. (2002) fed beef steers with a low level of extruded fullfat soybean (12.7%) and high level of extruded full-fat soybean (25.6%) and found that
carcass measurements acquired at slaughter, such as percentage of kidney-pelvic-heart
fat, rib fat thickness and ribeye area, as well as hot carcass weight or dressing percentage,
did not differ (P > 0.10) between treatments. In another study, Albro et al. (1993)
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compared whole soybean, extruded soybean and soybean meal in weaned beef steers and
found that ADG were not influenced by source of soybean protein (P > 0.10), but steers
fed extruded soybean tended to exhibit better feed efficiency than steers fed whole
soybean (P = 0.10).
Soybean oil is predominantly a polyunsaturated supplement, and when fed at 4%
of dry matter intake increases the number of medium sized follicles and serum
concentrations of growth hormone in beef heifers (Thomas and Williams, 1996). Whitney
et al. (2000) supplemented soybean oil at 3% of a forage based ration diet to prepubertal
heifers for approximately 100 d and found that increased feed efficiency in one
experiment, but not in another, compared to heifers receiving a corn-based control
supplement. In a recent study (Funston, unpublished data as reported by Funston, 2004),
beef heifers were fed 1.36 kg/d (4% added fat) whole soybean in a total mixed diet
approximately 110 d before AI, and fewer (81 vs 96% for soybean and control,
respectively; P < 0.05) heifers fed soybean were detected in estrus through 120 h after
melengestrol acetate (MGA)/PGF2α) synchronization. Howlett et al. (2003) fed a cornbased control diet, a corn and soybean meal at 56% DMI, whole linted cottonseed at 15%
DMI, or pelleted soyhulls at 30% DMI for 112 d in a total mixed diet to replacement
heifers and found that the proportion of pubertal heifers at the beginning of the breeding
season, or first-service conception rates were not affected among feeding treatments.
Whitney et al. (2000) supplemented prepubertal beef heifers with a soybean (oil) byproduct and had a linear increase in serum cholesterol concentrations as the level of
added soybean oil increased. Thomas and Williams (1996), reported that improved
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reproductive performance in beef heifers, have been related to the beneficial effect of
soybean (oil) by-products.
A soybean-based diet has been reported to cause estrogenic effects in swine
(Drane et al., 1981) but there are no reports of this effect in ruminants. Phytoestrogens
may have additive effects when present in combination with estrogenic implants used for
growth promotion with steers exhibiting sexual behavior, and heifers exhibiting udder
development and prolapse of the vagina and rectum (Lookhart, 1980). According to
Adams (1995), low concentrations of phytoestrogens are widespread and have substantial
deleterious effects on the reproductive rates of sheep, and possibly cattle, in the absence
of any visible clinical signs.

Cottonseed and cottonseed by-products
Cottonseed and cottonseed by-products have been used extensively as a source of
energy, protein, and fiber in dairy and beef cattle diets. Cotton processing results in a
variety of by-products that may be valuable feed ingredients. These include the byproduct of ginning (gin trash, gin motes, and whole cottonseed), cottonseed processing
(delinted cottonseed, cottonseed hulls, cotton linters, and cottonseed meal), and cotton
textile milling, cleaning and carding waste, cotton mill sweeps, and cotton mill dust.
Huerta-Leidenz et al. (1991) fed beef steers with diets containing 0, 15 or 30% whole
cottonseed and found a reduction in carcass weight and ribeye area and a numerical
increase in yield grade in animals fed 30% cottonseed diet. Preston et al. (1989a; b) as
cited by Huerta-Leidens et al. (1991), also found that increased concentration of whole
cottonseed in cattle finishing diets were associated with lighter hot carcass weights. Gray
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et al. (1993) supplemented beef heifers with ≥ 10 g. animal-1 d-1 of dietary free gossypol
for 1 to 2 month and found no detrimental effects on growth rates and body condition
scores.
A primary concern with feeding large amounts of cottonseed and cottonseed byproducts for female cattle is the possibility of gossypol toxicity and the potential
depression in fertility in dairy cows (Lindey et al., 1980; Arieli, 1998; as cited by Santos
et al., 2003). Gossypol (C30H30O8) is a naturally occurring toxic compound located in the
pigment gland of seed, roots, and leaves of cotton plants (Berardi and Goldblatt, 1969 as
cited by Willard et al. (1995). According to Randel et al. (1992), the female ruminant
seems to be relatively insensitive to the antifertility effect of gossypol; however, in vitro
data indicates some inhibition of embryonic development and ovarian steroidogenesis.
Gray et al. (1990) fed post-pubertal beef heifers with moderate levels of free gossypol
(0.4 to 16.3 g animal-1 d-1) for 62 d, and found that during the estrous cycle mean serum
progesterone concentrations were not affected by treatment. Mid-luteal LH
concentrations were greater in heifers fed 16.3 g. animal-1 d-1 of free gossypol. The
author also reported that cumulative 30-d pregnancy rates when heifers were bred after
removal of gossypol from the diet did not differ as a result of previous treatment. In a
similar study, Gray et al. (1993) fed beef heifers either 0, 0.5, 2.5, 5, 10, or 20 g. animal-1
⋅ d-1 of dietary free gossypol for 62 d and found that none of those treatments affected

concentrations of progesterone during the estrous cycle; however, mean concentrations of
LH were greater (P < 0.001) in heifers fed 20 g/d of gossypol than in heifers in all other
groups. Randel et al. (1996) fed whole cottonseed (WCS) containing 15 g. animal-1 d-1
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of free gossypol, cottonseed meal (CSM) containing 5 g. animal

-1

-1

d and corn and

soybean meal (Control) containing 0 g. animal-1 d-1 to Brangus heifers, and found that
progesterone level was greater in WCS heifers (P < 0.003) than in CSM heifers, while
both cottonseed treatment heifers had higher progesterone level than the control heifers.
The authors also reported that the number of embryos recovered, number of degenerated
embryos, embryo grades and recovery efficiencies were not affected (P > 0.10) by dietary
treatments. These findings indicates that cottonseed by-products can be used as a
practical source of supplemental fat for modifying metabolism, modulating ovarian
follicular recruitment and luteal activity, and enhancing reproductive potential in cattle
(Williams, 1989a; Wehrman et al., 1991; Ryan et al., 1992 as cited by Gray et al., 1993).

Flaxseed (linseed oil)
Flaxseed, also called flax, is an excellent source of the essential omega-3
polyunsaturated fatty acid. The human health benefits of dietary (n-3) fatty acid are being
continually researched through direct human dietary supplementation with flaxseed
(Cunnane et al., 1994; Mantzioris et al., 1995; Nordtrom et al., 1995 as cited by SpechtOverholt et al., 1997). La;brune (2000) reported that the addition of ground flaxseed to
beef cattle finishing diets resulted in improved marbling scores and increased the
percentage of carcasses grading U.S. Choice. In contrast Waylan et al. (2004) found that
flaxseed supplementation in finishing steers for 28 d, decreased gene expression of
lipoprotein lipase and glycogenin, which affects the ability of the muscle to use fatty acid
and glucose for energy, and ultimately, affect carcass quality.
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In addition, having a high alpha-linolenic acid (α-LA) content, flaxseed is a rich
source of the plant lignan, secoisolariciresinol diglycoside, and when this compound is
present with bacteria in the colon, the bacteria synthesizes two mammalian lignans,
enterolactone and enterodiol (Thompson, 1995). These two lignans target the liver, and
the liver is believed to be the primary source of circulating insulin-like growth factor I
(IGF-I) (Rickard and Thompson, 1998). However when 5% flaxseed was supplemented
to rats, plasma IGF-I concentrations were decreased compared with the unsupplemented
controls (Rickard et al., 2000). Lignan component of flaxseed may also decrease IGF-I
concentrations in cattle (Dunn et al., 2003). Low concentrations of IGF-I (Rutter et al.,
1989; Nugent et al., 1993; Roberts et al., 1997) are associated with an extended postpartum interval in beef cows and with delayed puberty in beef heifers (Granger et al.,
1989). In contrast, supplementation with α-linolenic acid can lead to the formation of
eicosapentaenoic acid, and therefore has the potential to reduce PGF secretion and early
embryo mortality (Ambrose, 2003). In two recent studies by Peti et al. (2001) and
Ambrose et al. (2002), inclusion of flax seed in the diet of lactating dairy cows was
associated with increased conception rates. While linoleic acid intake can increase the
supply of arachidonic acid, which is a precursor to PGF synthesis, it can also have
inhibitory effects on PGF synthesis and possibly enhance reproductive performance in
cattle.
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Growth and Development
The term “growth” is defined as the general and normal expansion of size as
produced by the accretion of tissues similar in constitution to that of the original tissue or
organ; collectively it defines the term “development” which is the gradual progression
from a lower to a higher state of complexity. Growth of a whole animal, or its organs, or
tissues, is clearly under a coordinated, integrated control system, which there is limited
understanding (Conlon and Raff, 1999). The growth of skeletal muscle involves increases
in both cell number (hyperplasia) and cell size (hypertrophy). Hyperplasia involves the
mononuclear skeletal muscle precursor cells (myoblasts and satellite cells), which
subsequently becomes post-mitotic, align and fuse (differentiate) to form the multinuclear
muscle fibers. Muscle fibers are then able to increase in cell size (hypertrophy) via the
accretion of more protein (Butter et al., 2000). The supply of maternal nutrients can
influence both the development of the fetus in utero and in the early neonatal period,
when the young is dependent on mother’s milk. In particular, fetal undernutrition at
critical stages of development is believed to cause reduced or disproportionate fetal
growth (Desai and Hales, 1997). In utero undernutrition may be caused either by
maternal fetal restriction or through maternal constraint in supplying nutrients to the
developing fetus, such as impaired uterine blood supply or placental development, which
in turn may be influenced by maternal nutrition (Robinson et al., 1999). According to
Powell and Aberle (1981), nutrient restriction in early gestation can cause a permanent
reduction in muscle fiber number, and animals born with fewer muscle fibers remain
smaller throughout postnatal life and never reach the same mature size as their well-
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nourished siblings. In this context optimal growth and development of tissues, organs and
muscle in young animals are directly linked with a good plane of nutrition. According to
Gerrard (2003), a plane of nutrition is broadly defined as the amount of nutrients
consumed by an animal relative to the amount required for optimal growth and or
performance. Wiltbank et al. (1966) and Short and Bellows (1971) as mentioned by Hall
et al. (1994) reported that plane of nutrition and growth rate affect age at onset of puberty
in heifers. Similar effects on body composition have been reported for steers harvested at
60% of mature weight (Tatum et al., 1988) and heifers subjected to live body
composition estimates or carcass composition determinations at puberty (Brooks et al.,
1985; Yelich et al., 1992). However studies have indicated that nutrition affects carcass
composition (Dikeman et al., 1985). Although, additional factors such as d on feed
(DOF), feed system, environment and diet composition have a crucial influence in the
growth and development of carcass traits. Duckett et al. (1993), reported that increasing
DOF resulted in a linear increase (P < 0.01) in carcass weight, subcutaneous fat
thickness, longissimus muscle area, and yield grade in beef steers, while marbling score
shown a quadratic trend (P < 0.05). These authors also observed that intramuscular fat
deposition seemed to not be a unique function of the number of d that animals were on
feed, but also as a function of a high concentrate diet that animals were fed. Myers et al.
(1999) observed that a dietary management system did enhance ADG, feed efficiency,
and decreased feed intake in steers fed concentrate diet after weaning than steers fed
pasture for 82 d after weaning, followed by a high-concentrate diet. However, no
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differences (P ≥ 0.38) were found between growing treatments for carcass weight,
external fat thickness, longissimus muscle area and yield grade.
Breed-type or sex of animal can also have a significant impact on body trait
composition, as reported in many growth studies (Buckley et al., 1990; Ferrel and
Jenkins, 1998; Hassen et al., 1999; Hinks et al., 1999; McKenna et al., 2002; Mies et al.,
1992). Chase et al. (2001) evaluated the growth and puberty of crossbred bulls, and found
that breed type affected (P < 0.05) carcass traits; with ½ Brahman x ½ Angus bulls
having the heaviest (P < 0.05) hot carcass weight, greatest (P < 0.05) dressing
percentage, larger (P < 0.05) longissimus muscle area than ½ Senepol x ½ Angus bulls.
Myers et al. (1999) reported that ¼ Simmental x ¾ Angus steers had reduced carcass
weights and longissimus muscle area compared with ½ Wagyu x ¼ Angus x ¼
Simmental. Hassen et al. (1999), assessed sex and breed effects in body composition
traits and stressed that bull carcasses were heavier, leaner (P < 0.05), and had larger
longissimus muscle area (P < 0.05) than steers and heifers. The author also reported that
bulls showed a lower (P < 0.05) rib fat thickness and lower percentage of intramuscular
fat than steers and heifers, while heifers and steers did not differ (P > 0.05). In contrast to
the trend in rib fat, longissimus muscle area was larger (P < 0.05) in bulls than in steers
and heifers; with steers being larger than heifers, but no difference was found between
steers and heifers. With respect to breed type, Angus progeny showed a larger deposition
of rib fat thickness and intramuscular fat than Simmental progeny.
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Replacement beef heifers
The growth and development of genetically superior heifers from birth to entering
the cow herd is a primary factor in the overall efficiency of a closed cow-calf production
system (Bagley, 1993). To optimize efficient economic returns in a cow-calf operation,
heifers should be managed to calve initially at 2 yrs of age. Programs to develop breeding
heifers have primarily focused on the physiological processes, which influence puberty.
Age at puberty is most important as a production trait when heifers are bred to calve as 2
yr-old and in systems that impose restricted breeding period (Ferrell, 1982). Yearling
beef heifers that conceive early in the breeding season and calve early as 2 yr old will
have greater lifetime productivity than heifers that calf at older ages (Lesmeister et al.,
1973). In addition, heifers that produce their first calf early in the calving season tend to
continue to calve early in subsequent calving seasons; resulting in increased production
and efficiency (Short and Bellows, 1971). However, Byerley et al. (1987) and Perry et al.
(1991) reported that fertility of heifers that were bred at the pubertal estrus was 21%
lower than for those bred on their third estrus. According to Short et al. (1990), heifers
should reach puberty 1 to 3 month before the average age at which they are to be bred.
Meanwhile, the influence of environment on the sequence of events leading to puberty in
the heifer is dictated largely by nutritional status of the animal and related effects on
growth rate and development (Patterson et al., 1992). Short et al. (1990) reported that
geographical-regional differences in the age at which heifers were first exposed for
breeding depended upon management systems, forage quality and availability, and
adaptation of respective breed types to specific environmental conditions. Most
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components of fertility that influence animal growth and development are not highly
heritable, therefore it is logical to assume that the majority of factors related to
reproduction efficiency are influenced almost entirely by management.

Management phases

Suckling phase
The goal in any cow-calf production system should be to economically produce
calves that wean at relatively heavy weights, with adequate size, muscularity, and contain
some, but not excessive amounts, of body fat. Excessive conditioning or fattening of
suckling heifers may influence subsequent development of desired maternal traits
(Holloway and Totusek, 1973 as mentioned by Patterson 1992). However, studies by
Richardon et al. (1978) and Grimes and Turner (1991 a; b) reported that early-weaned
heifers that were placed on higher-quality diets resulted in faster rates of weight gain than
contemporaries that remained with their dams. These faster rates of gain did not affect
long-term cow reproductive performance of these heifers. However, the preweaning
growth phase exerts a greater influence on puberty in beef heifers than does postweaning
growth rate (Joubert, 1954; Sorenson et al., 1954; Menge et al., 1960; Dufour, 1975;
Swierstra et al., 1977; Little et al., 1981; Clanton et al., 1983 as mentioned by Patterson et
al., 1992).
Growth-promoting implants are extensively used in nursing, growing, and
finishing phases in beef cattle production cycles. The use of implants in suckling heifer
calves has been limited because of the possible detrimental effects on subsequent fertility
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(Heitzman et al., 1979; Deutscher et al., 1986; Zarkawi et al., 1991 as mentioned by
Patterson 1992). However, the use of growth stimulants in replacement heifers has
decreased the costs of developing by increasing growth rate and feed efficiency and
accelerating physical development (Staigmiller et al., 1983). According to Moran (1988),
the effects of zeranol, estradiol and trenbolone acetate in replacement heifers inhibited or
reduced gonadotropin secretion and delayed development of the reproductive tract,
puberty, and first ovulation. Hargrove (1990) reported that heifer calves should not be
implanted if they can be identified as replacements before 2 month of age.
Cow-calf production systems in the South are based primarily on forages. Creep
grazing systems have also been used as a management strategy to provide extra energy by
feeding concentrates or providing forage creep feed for suckling calves to supplement
their mother’s milk. However, a creep-grazing system is most beneficial when forages are
low in quantity and or quality. Bagley et al. (1987) reported that creep-grazing systems
increased weaning weights by an average of 19 kg at 205 d of age.

Postweaning to puberty phase
Rapid growth from weaning to breeding is a relevant physiological process, which
influences reproductive performance in replacement beef heifers. Correlations between
gains in body weight and age at puberty indicate that increased growth rates of heifers
results in reduced age at puberty (Smith et al., 1976; Gardner et al., 1977; Oyedipe et al.,
1982 as mentioned by Patterson et al., 1992). Many studies agree that replacement heifers
must attain puberty by 14 to 15 month of age if they are to calve as 2 yrs old. Puberty is
affected by age, breed or breed season, and weight or nutritional level (Wiltbank et al.,
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1966; Short and Bellows, 1971; Laster et al., 1972; Gregory et al., 1979, Grass et al.,
1982 as mentioned by Morrison et al., 1992). According to Wiltbank et al. (1966) and
Gregory et al. (1979), as many as 35% of all beef heifers fail to reach puberty at 15
month of age. Puberty in heifers may be related to a particular height and weight, but a
minimum age is also required (Nelsen et al., 1982). However numerous studies have
demonstrated that nutrition management is the key component for a heifer attaining
puberty, conception and maintaining of their offspring until calving. To reach puberty,
heifers need to attain a minimum percentage of their mature body weight (55 to 60%) to
ensure maximum pregnancy rates (Joubert, 1954; Wiltbank et al., 1969; Ferrel, 1982 as
mentioned by Freetly et al., 2001).
Nutritional management of the heifer influences the variation in age and or weight
at which puberty occurs. Improved nutrition during the postweaning to prebreeding phase
permitted successful breeding of yearling replacements and resulted in a 10% increase in
calf production (Pinney et al., 1972). In contrast, low planes of nutrition before the
breeding period delayed first estrus and breeding of yearling heifers (Patterson et al.,
1992). Postweaning energy levels affect the weaning weight of the heifers’ first calf and
reduce the percentage of heifers conceiving for their second calf (Lemenager et al.,
1980). Gombe and Hansel (1973) as cited by Bagley (1993) found that heifers fed lowenergy diets reached puberty at an older age and had lower progesterone blood levels
than did heifers fed higher energy diets. Moreover, Rhodes et al. (1978) reported that
ruminal-escape lipid fed to heifers resulted in their reaching puberty at an older age and
heavier weight than heifers that received a more typical diet. Besides energy, data from
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lactating beef cows and heifers that receive inadequate protein with various energy
intakes showed uniformly lower pregnancy rates compared with herdmates receiving
adequate amounts of protein (Randel, 1990). Although energy and protein play a relevant
factor in the onset of puberty on replacement heifers, Randel (1990), in a review article,
reported that diets that increase the propionate production in the rumen (high quality
diets) have been shown to promote gluconeogenic activity, which hastens the onset of
puberty in beef heifers. However, higher quality diets, which promote the production of
propionate in the rumen, have resulted in heifers reaching puberty at lighter weights.
Regarding age, weight, and nutrition aspects, it is important to first consider
genetic variation within and between breed and how these differences should be
accounted for relative to postweaning development strategies. Short et al. (1990)
suggested that breed differences, sire and dam effects within a breed, and heterosis
contribute to the genetic control of age at puberty. However, genetic differences among
heifers in many cases are not great enough to show differences in age and or weight at
puberty, especially when heifers are provided a uniform level of nutrition. According to
Patterson et al., (1989; 1991, as cited by Patterson et al., 1992), breed that exhibit
extreme differences in age and or weight at puberty, will, however, be more easily
distinguished when provided contrasting levels of dietary energy during the postweaning
to prebreeding period.
Other management aspects, which influence the postweaning development and
the onset of puberty in replacement beef heifers, are season of birth and season of
attainment of puberty (Hansen, 1983 as cited by Fields, 1994). According to Roy et al.
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(1980) heifers born during period of increasing d length reached puberty 2 month earlier
in life than those born during period of decreasing d length. However heifers born in
spring tended to reach puberty earlier in life than heifers born in the autumn. These
factors may also be most influenced by the increased forage availability in the spring
season prior to weaning time. In addition, as social interactions are another factor, which
has some influence on the reproductive performance of replacement beef heifers.
Vandenbergh (1989) suggests that reproductive performance of farm animals may
improve with a broader understanding of the coordination between the behavioral and
physiological events that regulate reproduction. Roberson et al. (1991) reported exposure
of prepubertal heifers from weaning through breeding to mature male bulls reduced age
at puberty.
The use of anthelmintics, anabolic stimulants, and ionophores are considered a
routine management strategy, which increases animal performance. Younger animals,
such as beef replacement heifers, tend to have enhanced performance by reducing
internal parasite load through the use of anthelmintics. Controlling internal parasites will
result in heifers that reach puberty more rapidly through faster weight gains. In contrast
to the weaning phase, several studies using anabolic growth implants in the postweaning
phase have shown positive results in the performance and puberty of replacement beef
heifers. Morrison et al. (1987) implanted heifers once at 5 to 9 month of age, and reported
an increased daily gain of 5%, similar conception rates, and a slight increase in both milk
production (4.2 vs 4.0 kg/d) and weaning weights for calves from implanted heifers
compared with no implanted control heifers. As mentioned previously, some diets also
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including ionophores increase the production of propionate acid in the rumen (Randel,
1990), and promote gluconeogenic activity, which hastens the onset of puberty in beef
heifers. In addition, other beneficial effects of feeding ionophores, especially for grazing
beef heifers, include increased rates of gain (Bagley et al., 1988), and a reduction in
facefly and hornfly hatches from manure in treated cattle (Herald et al., 1982) and a
decreased incidence of pasture bloat (Bagley and Feazel, 1989 as cited by Bagley, 1993).

Breeding to calving phase
The objective in this phase of production is to ensure the adequate growth and
development of replacement heifers from breeding until calving at 2 yrs of age and
weighing about 85 percent of mature body weight. For spring calving herd, summer
pastures are usually adequate for the first half of this period. However, it is important to
recognize that majority of fetal growth occurs during the last 60 d prior to calving. At that
time, adequate nutrition, especially energy, is essential for proper development of the
fetus and to prepare the heifer for calving and lactation. Dunn and Kaltenbach (1980),
Dziuk and Bellows (1983), as cited by Randel (1990), reported that prepartum nutrition is
more important than postpartum nutrition in determining the length of the postpartum
interval. In addition, several studies have shown that low protein feeding during gestation
resulted in decreased calf vigor, delayed uterine involution, increased interval to estrus
and decreased conception rates following calving. These problems appear to be increased
when energy is also deficient, illustrating the need for a properly balanced diet.
Furthermore, Davis et al. (1977) found that conception occurred earlier when
supplemental energy rather than supplemental protein was fed during the precalving
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period. Subjective measurements such as body condition score (BCS), which reflects the
energy status in beef cattle can be an effective indicator in predicting heifer reproductive
performance. Morrison et al. (1986) reported that primiparous heifers calving in a BCS of
≤ 4 (BCS scale of 1 to 9, where 1= emaciated and 9 = obese) had conception rates of 16%

and postpartum intervals of 130 d before returning to estrus compared with heifers with
BCS of ≥ 5 that had conception rates of 75% and postpartum intervals of 93 day.

Calving to rebreeding
Calving is a critical time for 2-yr-old heifers since most calving difficulty occurs
at this age. Heifers should be housed separately from the mature cows during the calving
season, due to nutritional requirements and to avoid fights and accidents with the gravid
heifer. Pregnant heifers should be monitored closely at this time to determine the need for
assistance during parturition. Prolonged deliveries can cause unnecessary heifer stress,
increased calf losses, an increased postpartum interval and a lower rebreeding rate. Once
the calf is delivered within a few h, the newborn calf should be dried off and nurses
colostrum for protection from infections and scours. The acquired immunity transferred
from colostrum to the newborn calf shortly after birth is important for two reasons: a) the
content of the immunoglobulins in the milk decreases rapidly; and b) the calf’s ability to
transfer the immunoglobulins across epithelial cells of the small intestine decreases each
h after the calf is born.
In most cow herd, the most difficult reproductive groups of females to conceive
are the 2 yrs-old that are nursing their first calf. First-calf heifers typically have a 2 to 3
week longer postpartum interval than older females, due to the fact that they are still
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growing and lactating. This postpartum interval can be even longer if the heifers
experience calving difficulty or have a poor body condition score before and after
calving. Therefore, primiparous cows should be bred starting 3 to 4 weeks prior to the
mature cow herd. This allows first-calf heifers extra time to start cycling and stay on
schedule with the mature cow herd. In a study by Browning et al. (1995), using
primiparous Brahman influenced cows, they had a longer (P < 0.001) postpartum interval
than multiparous cows (110.7 ± 4.7 vs 72 ± 2.9 d). In addition Browning et al. (1995),
indicated that a crossbred Brahman influenced cow’s calf places more lactational and
suckling stress on cows when compared with a Brahman purebred cow’s calf.
Maintaining a targeted body weight is necessary to ensure adequate postpartum
rebreeding performance in the first-calf heifer. Rutter and Randel (1984) reported that the
postpartum interval decreased with increasing levels of nutrient intake; when cows were
classified as to whether they maintained or lost body condition during the first 20 d after
calving. In a review by Hess et al. (2005), feeding dietary fat to postpartum beef cows did
not consistently decrease the postpartum anovulatory period. Similarly, first service
conception rates were not affected by feeding fat to postpartum beef cows, none of the
studies cited reported a detrimental effect on overall pregnancy rates, and only one of the
11 dietary fat treatments improved pregnancy rates. These results were consistent with
results found by Funston (2004) who demonstrated that responses to postpartum fat
supplementation have been inconsistent, but independent of results, producers should
utilize fat supplementation if cost-effective fat sources are available.
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Live Animal Ultrasound Technology
The reason for using ultrasonography measurements on live animals is to record
animal anatomical measurements that will, when used in conjunction with other
measurements, accurately describe body composition and allow the prediction of genetic
differences between individual animals for carcass merit improvement. Real-time
ultrasound (RTU) uses high frequency sound waves to evaluate muscle and fat while the
animal is still alive. A sound-emitting probe held snugly on the animal’s back bounces
sound waves off the boundaries between fat and muscle layers. A cross-sectional image
created by the reflected sound appears instantly on the video screen allowing a fast and
objective prediction of body composition of the animal.
In 1956, rib fat thickness was the first measurement used in beef cattle to estimate
body composition in the live animal. Temple et al. (1956) at the Department of Animal
Science, Cornell University, recognized that it would be important to measure muscle
mass, such as rib eye depth or area, in addition to rib fat thickness, for improved accuracy
in predicting body composition. Reliable information and accurate standardized
measurements are required to evaluate carcass traits, and growth performance in beef
cattle. According to Faulkner et al. (1990), ultrasound technology provides a noninvasive
method for estimating fat, muscle accretion and body composition, with a high degree of
repeatability, and provides a nondestructive measure of carcass components in the live
animal. Tod, the use of live animal ultrasound technology has been used as a
management tool for genetic improvement as well as marketing decisions in livestock
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operations. Moser et al. (1997) concluded that yearling ultrasound measurements of
breeding cattle could be useful in predicting breeding values for carcass traits. Koch et al.
(1982, as cited by Doyle 1992) summarized heritability estimates from several sources
and computed averages for carcass weight (0.55), retail product weight (0.52), retail
product percentage (0.41), fat trim weight (0.57), bone weight (0.47), kidney fat weight
(0.72), fat thickness (0.48), rib eye area (0.40), and marbling (0.42). Ultrasound
measurements can also be an accurate predictor of carcass yield, and reasonable
predictors of carcass quality (Perkins et al., 1997). Studies done by Williams and Trenkle
(1997), Breth (2000), Field et al. (2000) as cited by Williams (2002), found that
ultrasound measurements of body composition traits can be used to sort steers prior to the
finishing phase and to predict optimal slaughter endpoints. In one of the first articles
examining the economic benefit of ultrasound technology, Koontz et al. (2000) reported
that the use of ultrasound to sort cattle in a feedlot system 80 d prior to slaughter could
potentially increase profitability and efficiency within the beef production system.
Growth and development of the replacement female as well as her fertility is one of the
most economically important traits to any cow-calf operation. However, live animal
ultrasound information can potentially measure and accurately estimate some
physiological changes and carcass attributes that seem to be related to the reproductive
performance of female beef cattle.

Body composition traits in replacement beef heifer development
As mentioned previously, heifers with increased nutrient intake post-puberty, fed
high-energy diets reach puberty at a younger age and are heavier than nutritionally
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restricted heifers. Similarly, body composition traits, which are closely related to age and
weight, are a relevant factor in the attainment of puberty in prepubertal heifers. However,
according to Hall et al. (1994) puberty in beef heifers did not occur at a constant body
weight or metabolic status in all beef heifers. Steiner (1987) suggested that changes in
metabolism resulted in metabolic signals that are the cues for the onset of puberty. Also,
longissimus muscle area and body condition score curvilinearly increase as puberty
approaches. Hopper et al. (1993) supplemented Angus prepubertal beef heifers to gain 1
kg/d with soybean by-products on ryegrass pasture, reported that animals deposited more
fat over the rump during the 15 weeks before puberty, and were heavier at puberty (P <
0.05) than Santa Gertrudis heifers. In addition, Angus heifers had faster growing
longissimus muscle areas (P < 0.05), and deposited more fat over the rib (P < 0.01) as
they approached puberty. These findings, according Hopper et al. (1993), demonstrated
that Angus heifers have a greater propensity to accumulate fat stores during prepubertal
development and may, therefore, have greater fat stores for maintenance and other
physiological events such as attainment of puberty. However, Simpson et al. (1998) noted
that fat thickness over the ribeye and percentages of empty body fat were not greatly
associated with age at first conception. Leaflet (2001) reported that heifers that were
fatter at weaning were more likely to be cycling at one yr of age (P < 0.05). In addition,
heifers that were more advanced in growth and development, as evidenced by heavier
weights, had larger ribeyes and more rump fat, were more likely to have a higher
reproductive tract score and to be cycling at one yr of age. Moreover, when Leaflet
(2001) adjusted heifers to pre-breeding age, heifers with a greater amount of rump fat
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were more likely to have more mature reproductive tracts. Hall et al. (1995) reported that
75 and 13 d prior to puberty, BW, heart girth, BW: height, and backfat thickness
increased linearly (P < 0.05) as puberty approached in heifers. In addition, longissimus
muscle area and body condition score increased curvilinearly as puberty approached.
Buckley et al. (1990) reported a dramatic increase in internal fat stores in beef heifers
between 8 and 14 month of age; a time that normally correspond to puberty onset.
Marshall (1994) reported that the effectiveness of multiple-trait selection for some
trait relationships is slowed by genetic antagonisms among traits. In a genetic correlation
analysis among carcass traits, the author found that selection for reduced carcass fat
thickness would be compatible with selection for larger longissimus muscle area, and that
marbling with fat thickness ranged from a strong positive correlation to a slightly
negative correlation. However, in a study using Angus cattle selected for high marbling
and low rib fat thickness indicated that intense selection could increase marbling without
increases in rib fat thickness (Bertrand et al., 1993). In contrast, Wilson et al. (1993)
reported a negative (r = -0.13) genetic correlation between marbling and fat thickness in
Angus field data. According to Arnold et al. (1991), reduced fat thickness was associated
with larger longissimus muscle area (r = -0.37) and reduced marbling (r = 0.19) in
weight-constant analyses. Robinson et al. (1993) reported that rib fat and rump fat were
largely uncorrelated with longissimus muscle area at the genetic level. In contrast, a high
genetic correlation (r = 0.86) was found between rump fat and rib fat thickness. Literature
citations have shown that the relationship between fat depth (rump fat and rib fat) and
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longissimus muscle area varies from a positive correlation (r = 0.48, Arnold et al., 1991;
0.13, Lamb et al., 1990), to a negative correlation (r = -0.04, Lamb et al., 1990).
Few studies have experimental evidence on the genetic relationships of body
composition traits of calves with reproductive performance of female relatives. MacNeil
et al. (1984) predicted that selection for reduced fat trim at a constant age in steers would
be associated with increased mature weight, age and weight at puberty, but with reduced
fertility in female relatives.

Reproduction
Reproduction is a natural impulse to maintain the perpetuation of the species. The
management and alteration of natural reproductive processes in domestic animals have
caused an accelerated genetic improvement in many species. However, it involves a
series of physiological and psychological events that must be properly timed.
Failure of the replacement beef females to express either a pubertal or postpartum
estrus early in the breeding season is a serious problem in cow-calf operations.
Conception early in the breeding season permits early calving and the weaning of older,
heavier calves. Replacement heifers must receive adequate nutrition to attain puberty and
exhibit maximum pelvic growth at an early age, and postpartum females must express
estrus and have acceptable fertility early in the breeding season (Wiltbank, 1978). Dunn
and Kaltenbach (1980) as well as Dziuk and Bellows (1983) reported that prepartum
nutrition is more important than postpartum nutrition in determining the length of the
postpartum interval. Lactational requirements dramatically increase after parturition in
order to provide nutrients for synthesis of milk to be used for initial growth and
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development of the offspring. Moreover, heifers require an increase of nutrients after
calving to continue to grow and prepare the reproductive tract for rebreeding early next
year. In addition, according to Randel (1990), Short et al. (1990) and Williams (1990),
besides nutrition, suckling is another major factor controlling the length of the
postpartum anestrous period. In Brahman influenced cows, restricted suckling along with
moderate nutrition caused an increase of progesterone from basal concentrations and
increased the occurrence of first estrus by d 37 after calving (Browing et al. 1995).
However, restricted suckling may be a useful management practice in conjunction with
an adequate nutrition plan, to improve postpartum reproductive performance and shorten
calving intervals.
Most reproductive problems in beef herd and dairy herd are caused mainly by
inefficient detection of estrus and infertility. Consequently, reproductive efficiency can
be improved by the adoption of accurate estrus detection, reproductive management
strategies, and the use of semen from highly fertile bulls. With increased knowledge of
bovine reproduction, research has been conducted in an attempt to regulate and
manipulate the events of the estrous cycle. The introduction of artificial insemination
(AI) into the cattle industry intensified efforts to control the emergence of estrus and the
timing of ovulation, while solving the problem of inaccurate and variable estrus
detection. Reproductive tract scoring (RTS) systems, which is a subjective measurement
that practitioners can use in female cattle to predict the pubertal status or future potential
breeding ability of replacement heifers, and can also be used as tool to enhance
reproductive performance. However, the uses of exogenous hormones to control ovarian
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function have revolutionized the control of bovine reproduction with breeding strategies
and estrus synchronization protocols that complement and optimize the use of AI.

Reproductive tract score
The RTS system is a subjective measurement that estimates pubertal status by
rectal palpation of the uterine horns and ovaries, and can be used to evaluate heifer
development, estrus synchronization programs, and selection pressure on age at puberty.
According to Andersen et al. (1991) RTS can range from one to five. A RTS of one is
assigned to heifers with infantile tracts, as indicated by small, toneless uterine horns and
small ovaries devoid of significant structures. Heifers given a RTS of two are thought to
be closer to cycling than those scoring one, due primarily to the presence of small
follicles and slightly larger uterine horns and ovaries. Those heifers assigned a RTS three
are thought to be on the verge of cycling, based on slight uterine tone, in addition to the
presence of follicles. Heifers assigned a RTS of four are presumably cycling as indicated
by good uterine tone, uterine size, and follicular growth; however, these heifers lack an
easily distinguished corpus luteum, due to the stage of the estrous cycle. Heifers with a
tract score of five are similar to those scoring four, except for the presence of a palpable
corpus luteum. The best timing and appropriate use of RTS, depend on the desired use of
the scoring system and the particular group of heifers to be evaluated. Andersen et al.
(1991) reported that RTS before one yr of age results in heifers which will not be cycling
and will receive tract scores of one or two. Conversely, if scores are performed too late,
most heifers will be cycling and assigned scores of 4 or 5. The authors also recommended
that when tract scoring is to be used as a last-minute culling tool, or as an indicator of a
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heifer’s ability to conceive early during the first breeding season, scoring should be done
about one month or less before breeding. If used as a tool to place selection pressure on
age at puberty, the best time to evaluate is when about half of the heifers are thought to
have begun cycling based on age, weight, and casual estrus observation. Also, RTS
performed 30 to 60 d prior to the start of the breeding season can serve as an evaluation
of the heifer’s nutritional development program. Studies by LeFever and Odde (1986),
Brown (1986), and Andersen (1987), have shown the relationship between yearling heifer
reproductive tract score, BCS and subsequent performance during the first breeding
season. These studies have found that cycling heifers (Reproductive Tract Score = 4 and
5) with high moderate condition (Body Condition Score = 6) had the highest pregnancy
rates to estrous synchronization and at the end of the first breeding season. Similarly,
Dahlen et al. (2003), reported that for every unit increase in RTS, heifer weight (recorded
at the time RTS was assigned) increased (P < 0.001) 18.8 ± 1.4 kg, and consequently for
every unit increase in RTS, synchronized pregnancy rates increased (P < 0.001) 9.6 ± 2.0
percentage units and overall pregnancy rates increased (P < 0.001) 6.9 ± 1.9 percentage
units.
In addition to being used to predict pubertal status and future potential breeding in
replacement heifer programs, RTS also serves to assist in evaluation of the efficacy of
estrous synchronization programs to induce estrus in noncycling heifers. LeFever and
Odde (1986) and Brown (1986) as cited by Andersen et al. (1991) reported that using
RTS to schedule synchronization breeding programs significantly affects measurements
of reproductive performance during the first breeding season. These findings agree with
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studies by Patterson et al. (1992), which reported that heifers with a RTS of 3 or less
responded poorly to synchronization, resulting in reduced fertility, and that a reliable
benchmark to achieve an acceptable response to estrus synchronization is for 50% of the
heifers to be synchronized and to have a RTS of 4 or 5 at the initiation of the breeding
season.

Estrous synchronization
Estrous synchronization is a reproductive technique that uses a combination of
hormonal replacement and selected management practices to permit a greater control
over the estrous cycle of the female and, thus, greater control over the timing of breeding
and conception. The possibility of inducing and synchronizing estrus and ovulation in
acyclic female cattle offers an opportunity to increase the efficiency of animal production
and to increase the use of some technologies such as AI and embryo transfer. The use of
exogenous hormones such as prostaglandin F2α (PGF2α), gonadotropins releasing
hormone (GnRH), estradiol (E-17β), and progesterone (P4) have been the cornerstone of
many estrus synchronization protocols used in bovine reproduction. Estrus
synchronization protocols have become a relevant tool for livestock producers to more
efficiently employ AI and optimize reproductive performance in a livestock operation.
Today, research has been performed to control not only synchronization of estrus but also
ovulation. Synchronization of ovulation has allowed for the development of protocols
that include fixed time AI (TAI), which results in the elimination of estrus detection.
These breeding strategies have contributed to the optimization of time, labor and
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financial resources by shortening the calving season and in addition increasing the
uniformity of the calf crop.

Controlled internal drug release device and estrous Synchronization
The controlled internal drug release (CIDR) device has recently been approved in
Canada (Bioniche Animal Health, Belleville, ON, Canada) and the United States
(Pharmacia Animal Health, Kalamazoo, MI) for synchronization of estrus in beef cattle,
lactating dairy cows and dairy heifers. The CIDR is a T-shaped vaginal insert containing
approximately 1.9 g. of progesterone (Canada) or 1.38 g of progesterone (United States)
in silicon molded over a nylon spine. The CIDR is inserted into the vagina by a
specialized applicator (Macmillan et al., 1991) that collapses the wings for insertion;
expulsion of the CIDR causes the wings to straighten, which confers retention by
pressure on the vaginal wall. In addition a long thin nylon tail is attached to the end of the
CIDR and exteriorized through the vagina to help in the removal of the device.
According to the products label direction (for AI), it should be inserted into the vagina for
7 d and PGF2α given 24 h before device removal with estrus detection beginning 48 h
after device removal. The CIDR device is well suited to various approaches used to
synchronize ovarian follicular development and ovulation. The CIDR device has been
successfully used in combination with other exogenous hormones such as estradiol
cypionate (ECP) or GnRH. Thundathil et al. (1998) found that follicular wave emergence
following administration of ECP in CIDR-treated dairy cows was quite asynchronous.
Estradiol cypionate has recently been successfully used to synchronize both wave
emergence and ovulation in CIDR-treated beef heifers (Colazo et al., 2003). However,
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different results have been reported in the combination of CIDR device and the correct
time to use ECP and GnRH treatments. Colazo et al. (2004) reported that pregnancy rates
in heifers given ECP 24 h after CIDR removal was higher (P < 0.005) than in those given
ECP at CIDR removal or GnRH at TAI (65.4, 52.2, and 51.1%). Furthermore, pregnancy
rates in heifers given ECP 24 h after CIDR removal were nearly identical when heifers
were given ECP or GnRH at the time of CIDR insertion (64.8 and 66.0%, respectively).
In a previous study, Colazo et al. (2003) used ECP to synchronize wave emergence, and
found that pregnancy rates were lower when ECP was given concurrent with CIDR
removal than 24 h later. Good results in synchronization and pregnancy rates have been
acceptable when using a CIDR in combination with the Ov-synch or Co-synch
synchronization protocols in beef cows and heifers (Martinez et al., 2002a; b). Ov-synch
and Co-synch protocols are mostly used for fixed time AI in beef cattle. The Ov-synch
protocol according to Pursely et al. (1995) includes GnRH treatment given on d 0, with
PGF2α on d 7 plus another GnRH treatment on d 9, following AI 16 to 24 h later. This
GnRH-PG-GnRH protocol for fixed time AI was developed to synchronize follicular
waves and timing of ovulation, which results in the development of a preovulatory
follicle that ovulates in response to a second GnRH-induced LH surge 48 h after PGF2α
injection. The CO-synch protocol (Geary et al., 1998) is a variation of the Ov-Synch
protocol and is similar in the timing and sequence of injections, but animals in the COSynch protocol are inseminated when the second GnRH injection is administered. In a
study using a CIDR and a GnRH-based Ov-Synch protocol, (Martinez et al., 2002)
reported that pregnancy rates were not different (P = 0.79) in cows (Group 1, 45%; n =
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71 vs. Group 2, 43%; n = 77). However, pregnancy rates were higher (P < 0.05) in
CIDR-treated heifers (68%; n = 25) than in CO-synch controls (39%; n = 23). Lamb et al.
(2001) as mentioned by Mapletoft et al. (2003) also reported that the use of a CIDR
device in CO-synch protocols applied at different herd locations increased overall
pregnancy rates in beef cows in good body condition (58%), compared to control cows
treated only with CO-synch (48%) protocol. Lucy et al. (2001) also showed that CIDR
devices increased the synchrony of estrus and pregnancy rates in noncycling cattle.
However, noncycling cattle had a lower pregnancy rate than their cycling herd-mates.
Therefore, reproductive status can affect pregnancy rates in cattle given CIDR devices. In
summary, inserting a CIDR and synchronizing ovarian follicular development
consistently results in higher pregnancy rates to fixed-time AI, regardless of stage of the
estrous cycle.
The combined treatment protocols are hypothesized to be more efficacious than
traditional approaches for synchronization of estrus either under visual heat detection or
fixed-time AI. Martinez et al. (2000b) conducted three experiments to evaluate different
method for estrus synchronization and ovulation for fixed time AI. In the first study, a 7 d
estradiol benzoate (EB)/ CIDR treatment protocol was compared to a 7 d GnRH/CIDR
treatment protocol or a simple 7 d CIDR protocol with the administration of PGF2α at the
time of CIDR removal. Pregnancy rate in the EB/CIDR group (76%) was higher than in
the GnRH/CIDR (48%) or CIDR-treated, control (38%) groups (P < 0.01). In addition,
the percentage of heifers that displayed behavioral estrus in the EB/CIDR (100%) and
CIDR-treated control (83%) groups were higher than in the GnRH/CIDR groups (55%; P
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< 0.01). Similar results were found by Martinez et al. (2002) comparing two progestins
(CIDR device; n = 257 or MGA; n = 246) and three treatments (i.m. injections of 100 µg
GnRH, 12.5 mg porcine LH (pLH), or 2 mg estradiol benzoate (EB) and 50 mg
progesterone (P4), for synchronization of follicular wave emergence and ovulation in
protocols for TAI in beef heifers. Estrus detection (combined for both progestins) in
heifers receiving EB (92%) was greater (P < 0.05) than in heifers receiving GnRH and
pLH (combined) and a CIDR device (62.9%) or MGA (34.3%). However, pregnancy
rates (determined by ultrasonography approximately 30 d after AI) did not differ (P =
0.30) among the six treatment groups (average, 58%; range 52.5 to 65%). In the same
study, combined for all six treatments groups, pregnancy rate was greater (P < 0.05) in
heifers detected in estrus (62.6%) than in those not detected in estrus (51.9%).

Economic aspects of replacement beef heifer development program
Replacement heifers are the cornerstones for a successful cow-calf enterprise. The
correct management strategies have to be designed to ensure that heifers have good
growth and development and reach a prebreeding target weight that supports optimum
reproductive performance and carcass quality. However, management alternatives that
ultimately affect lifetime productivity and reproductive performance of heifers begins at
birth and includes decisions that involve growth-promoting implants, creep-feeding,
breed type and or species, season of birth and weaning weight, social interactions, sire
selection, environment, and exogenous hormonal treatments to synchronize or induce
estrus. Targeting the right strategy, considering nutrition, genetics and emerging
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management techniques, or technological resources will be essential to enable producers
to make decisions that result in profit. For example, in this review it has been show that
the use of alternative technologies such as RTU as a management tool can provide
information about relevant carcass characteristics of live animals directly impacting
economic variables. Reducing the number of heifers that fail to reach puberty at an
appropriate physiologic age (12 – 15 month) and not conceive in advanced breeding
programs could also represent an important means of improving returns to the cow-calf
operation. However, management decisions have to be made before producers raise their
own replacement heifers or replace an existing open female in the herd. According to
Corah et al. (1975), Patterson et al. (1991) and Wiltbank et al. (1985), as cited by Meek et
al. (2005), if producers decide to raise their own replacement heifers, two factors have to
be considered in order to maximize the profitability of the enterprise. First, yearling
heifers, 2-yr-old heifers, and 3-yr-old heifers are all classes of cattle that are associated
with high reproductive risk. Second, by failing to invest adequately in the development of
heifers at a young age, the probability of having increased number of cattle falling out of
the herd due to reproductive failure will increase. Similarly, if excessive expending of
money occurs during the developmental stage, it will not be recovered by future income
generated during the cow’s reproductive life. Ibendahl et al. (2004) in a study decided
whether or not producers should replace an open beef cow and found that there were
often times when producers should keep the open cow. These findings were attributed
most of the time to when feeding costs were low, or when the price differentials between
cull cows and replacement heifers were high, or the calf crop value was low. Tronstad
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and Gum (1994), measuring cow performance in Arizona ranches concluded that open
cows should be kept 26% of the time. In contrast Azzam and Azzam (1991), considering
spring and fall beef calving replacements, demonstrated that open cows should always be
culled even when fall calving was considered. Neville et al. (1987) stated that retained
ownership in nonpregnant cows to the next breeding season is economically
advantageous when using low-quality feed. Reports found in the literature, demonstrate
that retained ownership is a viable way for cow/calf producers to increase income and
reduce the probability that income will be below a given level. However the level of risk
employed on each producer’s decision-making is one of the characteristics that affect the
retained ownership decision. Watt et al. (1987), Schroeder and Featherstone (1990), Held
et al. (1992), and Garoian et al. (1990) as cited by Larry et al. (1997), reported that price
risk affected more retained ownership decisions than production risk. In contrast, Larry et
al. (1997) reported that production risk affected optimal retained ownership decisions.
Once a management decision is established, the next step in a replacement beef
heifer program is to determine a valuable sorting strategy of animals selected to be
retained or to be replaced in the herd. Live animal ultrasound measurements can be used
to predict not only carcass quality and yield grades prior to harvest but also can be a good
physiological estimator of animal development and subsequent physiological functions
throughout the animal’s lifetime. Considering this valuable information, the use of RTU
technology may allow for the measurement of the physical attributes of females being
considered as replacements, and provide relevant physiological characteristics (such as
age of puberty), which could afford a useful means of improving genetic, nutrition and
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management decisions to reach puberty at the appropriate time. The RTU has been used
as a market decision management in the prediction of carcass quality and yield grades
prior to slaughter, thus it can provide a useful guidance about sorting placement, length of
time on feed, and optimal marketing method. In one of the few articles examining the
benefit of RTU, Koontz et al. (2000) reported that the use of ultrasound to sort cattle in
the feedlot 80 d prior to a slaughter end-point, could potentially increase profitability
($11 to $25 per head) and efficiency within the beef production system. Similarly Lusk et
al. (2003), reported that a producer’s revenue could be enhanced by $25.07/head,
$4.98/head, or 32.90/head over simple marketing all animals on a live weight, dressed
weight, or grid basis, respectively. Unfortunately, few studies have focused on the use of
RTU to make decisions on cattle breeding programs. Dos Santos et al. (2006) used RTU
to make decisions management in a replacement beef heifer program, and found that the
value of RTU to decide whether or not animals will be successfully bred in a breeding
program was relatively small when compared with not using the technology (see Chapter
VI in this dissertation). However, information from RTU can display additional value
beyond simply predicting fertility. In addition, as in the retained ownership decision
process, cattle prices, costs of production, cost of the technology and risk are important
determinants to select the best sorting management strategy.

CHAPTER III
EFFECTS OF DIETARY SUPPLEMENTAL FAT ON REPRODUCTIVE
PERFORMANCE AND BODY COMPOSITION
TRAITS IN PRE-PUBERAL BEEF
HEIFERS

Introduction
Nutritional management plays an important role in maintaining optimum
performance and profitability of cow/calf operations. Ruminant diets are supplemented
with fat primarily to increase their energy concentration and to enhance animal
performance. Dairy and beef cattle diets without any additional fat contain approximately
2 to 3% long-chain fatty acids (LCFA) from vegetable origin which are predominantly
polyunsaturated. In recent years, studies with beef cattle at Texas A&M University
(Williams, 1989; Ryan et al., 1992; Ryan et al., 1995; Lammoglia et al., 1996;
Lammoglia et al., 1997; De Fries et al., 1998.) have helped to determine some of the roles
of dietary lipids on follicular activity, corpus luteum function, and reproductive
performance of the female bovine, but information on the effects of different types and
levels of supplemental fat on reproductive performance of beef cattle is limited.
Inadequate dietary energy and poor body condition are two of the most pervasive factors
51
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influencing reproductive efficiency in beef cattle production systems. Body fat is one of
the required attributes for maintenance of the estrous cycle (Imakawa et al., 1986;
Richards et al., 1989a) and postpartum reproduction in beef cattle (Dunn and Kaltenbach,
1980; Richards et al., 1986). Evidence suggests that the consumption of dietary fat by
cattle, particularly polyunsaturated plant oils, can positively influence ovarian follicular
growth, luteal function and postpartum reproductive performance independent of caloric
effects (Williams et al., 1999). Del Curto et al. (2000) indicated that the benefits of
dietary lipid from vegetable sources were apparently different from the value of fat as a
source of energy because lipid-containing diets were formulated to deliver the same
quantity of energy as control treatments. Soybean oil (predominantly polyunsaturated
fatty acids) fed at 4% of dry matter intake increases the number of medium sized follicles
and increases serum concentrations of growth hormone in beef heifers (Thomas and
Williams, 1996). Graham et al. (2001) reported that feeding whole soybean to mature
beef cows for either 30 to 45 d before calving increased first-service conception rates
(62.8 vs. 85.7% and 62.5 vs. 75%, respectively).
Besides reproduction, numerous studies with varying results have also reported on
the use of energy-dense fat oils in animal diets to improve performance and influence
carcass and fat composition. Feeding high dietary energy has caused an appreciable
amount of energy to be partitioned to subcutaneous fat instead of intramuscular fat
(Schoonmaker et al., 2004). Alao and Balnave (1984) have pointed out that different fats
or oils may vary in their influence on growth and carcass composition. Felton and Kerley
(2004) using different sources of dietary fat in feedlot steers, reported that feeding
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additional fat increased (P < 0.05) marbling scores by one-fourth of a marbling score
grade with no effect due to source. Similar results were observed when tallow, yellow
grease, griddle grease, or high oil corn were used to increase fat content of feedlot diets
(Zinn and Plascencia, 1996). These authors also found that supplemental fat increased
marbling score (8.5%; P < 0.10), and that this improvement was sufficient to move the
average carcass grade a full grade, from high Select to low Choice. However, the basic
considerations when using supplemental fat on confined animals are the positive effect of
supplemental fat on the diet energy density, and the negative effects on fiber digestion.
To help explain the benefit of using supplemental fat diets to improve animal
performance and reproduction efficiency, the objective of this study was to evaluate
supplemental fat sources (extruded-expelled soybean meal with approximately 10%
soybean oil), in an annual ryegrass forage-based diet (Lolium multiflorum L.) on
reproductive performance and body composition traits in pre-pubertal Angus crossbred
beef heifers.
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Materials and Methods

Animal Management and Sample Collection
This study was conducted at the Brown Loam Branch Experiment Station
(Raymond, MS) in Spring 2003. Sixty-three crossbred beef heifers were assigned to the
experiment. Age of the heifers at the onset of the experiment was between 11 and 13
months, while the average weight was 272 ± 24.4 kg. Animals were stratified into two
treatment groups; Group 1 = High fat diet (HF) with n = 32 animals, and Group 2 Low fat
diet (LF) with n = 31 animals. Animals were housed by treatment group in separate
paddocks with ad libitum access to annual ryegrass pasture (lolium multiflorum L.),
bermudagrass hay (cynodon dactylum L.), water and loose mineral. Heifers from the HF
group were fed with supplement that contained 80% cracked corn and 20% extrudedexpelled soybean meal (Soybean Resource Group, Rolling Fork, MS), and the LF group
were fed with supplement that contained 80% cracked corn and 20% Purina protein pellet
(Arcola Concentrate 40; Purina Mills, Inc., St. Louis, MO). The diet composition for
both HF and LF groups were formulated to be isonitrogenous (CP = 15%) and isocaloric
(Mcal/Kg = 4.75), with fat content of 4.2% DM and 3.6% DM for the HF and LF groups,
respectively. Animals were group fed at a rate of 2.3 kg/head/d once daily through the
70-d study period.
Real time ultrasound measurements with respect animal growth and development
were acquired using a real-time ultrasound Aloka SSD 500V ultrasound machine
equipped with a 3.5-MHz, 172-mm transducer (Aloka Co. Ltd., Wallingford, CT). Body
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composition measurements were taken on d 0, 25, 51 and 70 as follows: ribeye area
(REA; longissimus muscle area), which represents the cross-sectional area of the
longissimus muscle at the point between the 12th and 13th rib, or rib fat (RBF), that is the
subcutaneous fat between the 12th and 13th rib over the longissimus dorsi muscle,
percentage intramuscular fat (%IMF), which is an the estimator of the degree of marbling
or intramuscular fat in the longissimus dorsi muscle measured in the longitudinal image
of the longissimus muscle directly over the 11th, 12th and 13th ribs, rump fat (RF), which
is a additional estimator of total carcass fat, and gluteus medius depth (GMD), which aids
in prediction of percentage retail product of the carcass. Both RF and GMD were
measured over the rump between the hooks and the pins. The Beef Image Analysis (BIA)
software from Designer Genes Technologies, (Harrison, AR) was used to determine
values of % IMF, REA, and RBF. Measurements for REA, RBF, RF and GMD were not
taken on d 25 for both groups due to technical problems in the ultrasound machine.
Measurements for REA and RBF were also not acquired on d 51 for both groups due to
the technical problems in the ultrasound machine. In addition, a subjective measurement
to assess marbling loss, which indicates the percentage of intramuscular fat lost in the
%IMF and GMD images, was assessed based on visual appraisal (0 = zero % loss, 1 = 10
to 25% loss, 2 = 25 to 50% loss and 3 = greater than 50% loss). The percentage of
intramuscular fat lost in these traits was based on the non-reflection of sound waves
appearing with respect to intramuscular fat content in %IMF and GMD images. The
aforementioned measurements were also referred as %IMF stress-score (IMFST) and
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GMD stress-score (GMDST), using a scale score interpreted as: 0 = no stress, 1 = slight
stress, 2 = moderate stress, and 3 = intensive stress.
At each scanning d, heifers were weighed and given a body condition score (BCS;
Thompson et al., 1983) using a scale of 1 = emaciated to 9 = obese. Disposition scores
(DISP; Grandin, 1993), which reflect an animal’s behaviour when handled, were also
assigned (score scale of 1 to 5, with 1 = calm to 5 = nervous and agitated).
Blood samples were collected via jugular venipuncture following ultrasound
measurements. Samples were collected using the Vacutainer system (plain serum
tubes; Franklin Lakes, NJ) to obtain serum. Samples were centrifuged (2000×g) on the d
of collection and stored at -20°C until analysis of serum concentrations of progesterone
(P4; Diagnostic Systems Laboratories, Inc, Webster, TX), and serum concentrations of
cortisol (COR; COAT-A-COUNT, Diagnostic Products Corporation, Los Angeles, CA)
by radioimmunoassay (RIA). Serum concentrations of cholesterol (CHL) were
determined using colorimetric assays (Infinity  Cholesterol Reagent – Procedure Nο.
41; Sigma Diagnostics, St. Louis, MO). Intra-assay and inter-assay coefficients of
variation for P4, cortisol and cholesterol were 5.54 and 8.84%; 2.56 and 3.38 %; and 5.59
and 6.51% respectively. The range of sensitivity of the modified P4 RIA was 0.075 to 60
ng/ml, and has been previously validated in our laboratory (Gandy et al., 2001; see
Appendix A). The range of sensitivity of cortisol was 0.25 to 50 µg/dL (see Appendix B)
and cholesterol was 10 mg/dL to 270 mg/dL (See Appendix C). In addition to the
measurements described previously an additional body weight and blood samples for
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hormone measures as described previously were also collected on d 14 when the animals
were being handled as part of routine management procedures.

Reproduction Procedures
On d 71, heifers were assessed a reproductive tract score (RTS) using a
combination of rectal palpation and ultrasound evaluation. Tract scores were recorded on
a scale of 1 to 5 where 1 = no palpable follicle, immature (< 20mm diameter, no tone)
uterine horns, and 5 = corpus luteum present (> 10 mm follicles), uterine and horns with
> 30 mm follicle diameter (Andersen et al., 1991). After RTS assessment a controlled
internal drug release device (EAZI BREED CIDR Pfizer Animal Health, New York,
NY) was inserted to synchronize estrous cycles among heifers. Seven d after CIDR
insertion, the CIDR was removed and animals were administered an IM injection of
prostaglandin (PGF2α; Lutalyse; Pfizer Animal Health, New York, NY). Visual heat
detection was observed, and animals were artificially inseminated (AI) upon visual heat
detection. Animals that were not observed in estrus within the first 72 h after CIDR
removal were fixed-time AI (TAI) at 72 h. Rectal palpation for pregnancy was performed
60 d after AI (Figure 3.1).

Statistical Methods
Statistical analysis was performed using ANOVA to ascertain treatment group
(HF, LF) and time (d) influences on study parameters; which included: REA, %IMF,
RBF, RF, GMD, BW, BCS, %IMFST, GMDST, and serum concentrations of P4, CHL
and COR. For mean separation of body composition traits, unpaired Student’s t-tests
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were employed, and the data expressed throughout as the mean ± SEM. Pearson
correlation coefficients were calculated among body composition traits as pooled over the
entire study period (d 0 – d 70) within treatment group, and Fisher’s r to z
transformations utilized to identify significant (P < 0.05) correlative trends among these
traits. Chi-Square analysis was performed to test the proportion of pregnant versus nonpregnant heifers with respect to treatment groups (HF vs. LF). Responses were
considered different at the P <0.05 levels. All statistical analysis was performed using the
Mixed procedure with Statview software of the SAS institute, Inc. (Statview, 2003).

Animals
Detected
in estrus (AI)

D0

D4

*Study BW +
Begins Blood
sample

D25

D 51

**

***
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Ends
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D 78

D 81

RTS +
CIDRIN

CIDROUT +
PGF2α

TAI @
72 h

D 141

Pregnancy
Detection

* Measurements: REA, %IMF, RBF, RF, GMD, IMFST, GMDST, BW, BCS and Blood Sample.
** Measurements: % IMF, IMFST, BW and BCS.
*** Measurements: % IMF, RF, GMD, IMFST, GMDST, BW and BCS.

Figure 3.1. Timeline for the study (Spring 2003).
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Results

Body Composition Traits

Ribeye area
Measurements for REA were conducted on d 0 and d 70 for both LF and HF
groups. Throughout the 70-d feeding period, time (day) for REA was different (P <
0.0001) for HF and LF groups, but there was no effect of treatment (P = 0.10).
Within d, REA was not affected (P =0.10) either on d 0 or d 70 (Figure 3.2). REA
changed over time (P = 0.10) from d 0 to d 70 of 5.23 ± 1.50 cm2 and 7.00 ± 1.51 cm2 for
the HF and LF groups, respectively.

Ribeye area
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Low Fat
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Figure 3.2. Mean ribeye area (REA; cm2) at the beginning of the feeding period
(d 0) and at the end of the feeding period (d 70). No differences (P =
0.10) in ribeye area were observed between the High Fat and Low
Fat groups within day. Time: P < 0.0001; TRT: P = 0.10.
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Rib Fat
Rib fat measurements were taken on d 0 and d 70 for both HF and LF groups.
Throughout the 70-d feeding period, time (d) did not affect RBF deposition (P = 0.10).
Rib fat also did not differ (P = 0.10) within d for either LF or HF groups. Overall changes
in RBF were not different (P = 0.10) between treatment groups (Figure 3.3) with a RBF
change from d 0 to d 70 of – 0.01 ± 0.02 cm and 0.01 ± 0.02 cm for the HF and LF
groups, respectively.
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Figure 3.3. Mean rib fat (RBF; cm) at the beginning of the feeding period (d 0)
and at the end of the feeding period (d 70). No differences (P = 0.10)
in RBF were observed between the High Fat and Low Fat groups
within days. Time: P = 0.10; TRT: P = 0.10.
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Percentage Intramuscular Fat
Measurements of %IMF were taken on d 0, 25, 51 and 70 of the study period for
both the HF and LF group (Figure 3.4). Time (d) caused an increase (P < 0.0001) on
%IMF during the 70-d study period, but there was no effect (P = 0.10) of treatment.
Percentage IMF pooled across treatments from d 0 to d 51 significantly increased (P <
0.0001) for both the HF and LF groups. In contrast, after d 51, %IMF significantly
declined (P < 0.02) for both the HF and LF groups with an accentuated decline for the HF
group compared to the LF group. Overall change for %IMF was not significant (P =
0.10) between treatment groups, with a %IMF change from d 0 to d 70 of 0.21 ± 0.05 %
and 0.30 ± 0.05 % for the HF and LF groups, respectively.

Intramuscular Fat Stress Score
The subjective measurement for IMFST was assessed each time when %IMF was
measured (d 0, d 25, d 51 and d 70). Time (day) caused a decrease (P < 0.0001) in
IMFST during the 70-d study period, but there was no effect of treatment (P = 0.10).
Overall change in IMFST did not differ (P = 0.10) between treatment groups. The IMFST
exhibited an inverse relationship with respect to %IMF (Figures 3.4 and 3.5), with
IMFST decreasing after d 0 and %IMF increasing for both the HF and LF groups. A
similar relationship was found after d 51, where %IMF decreased and IMFST increased.
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Figure 3.4. Mean percentage intramuscular fat %IMF during the 70-day feeding
period. No differences (P = 0.10) in %IMF measurements were observed
between the High Fat and Low Fat groups within days. Time: P < 0.0001;
TRT: P = 0.10.

Intramuscular fat stress
Low Fat

High Fat

0.7

Mean IMFST

0.6
0.5
0.4
0.3
0.2
0.1
0
0

25
Study Period

51

70

Figure 3.5. Mean intramuscular fat stress (IMFST; 0 to 3 scale) during the 70-day
feeding period. No differences (P = 0.10) in IMFST scores were observed
between the High Fat and Low Fat groups within days. Time: P < 0.0001;
TRT: P = 0.10.
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Rump Fat
Measurements for RF were taken on d 0, 51 and 70 for both the HF and LF
groups. Time (day) and treatment did not affect (P = 0.10) RF during the 70-d feeding
period. Overall change in RF was also not different (P = 0.10) between treatment groups,
with a RF change from d 0 to d 70 of 0.05 ± 0.05 cm and -0.04 ± 0.05 cm for the HF and
LF groups, respectively.
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Figure 3.6. Mean rump fat (RF; cm) measured on d 0, d 51 and d 70 of the feeding period.
No differences (P = 0.10) in RF measurements were observed between the
High Fat and Low Fat groups within days. Time: P = 0.10; TRT: P = 0.10
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Gluteus Medius Depth
Measurements for GMD were taken on d 0, 51 and 70 for both the HF and LF
groups. The GMD had a linear increase throughout the 70-d study period (figure 3.7). On
d 0, the HF group exhibited a greater GMD than the LF group, but no difference (P =
0.10) was found between groups. Time (day) caused an increase (P < 0.0001) of GMD,
but no difference (P = 0.10) was found between treatment groups. In contrary to the
beginning of the study, at the end of the feeding period the LF group numerically
exhibited a greater GMD than the HF group, but no interaction (P = 0.10) was found
between treatments and day of sampling. Overall change in GMD was not different (P =
0.10) between treatment groups, with a GMD change from d 0 to d 70 of 0.69 ± 0.26 cm
and 1.42 ± 0.26 cm for the HF and LF groups, respectively.

Gluteus Medius Depth Stress
The subjective measurement for GMDST was assessed each time GMD was
measured (d 0, d 51 and d 70). Time (day) caused a decrease (P < 0.0001) of GMDST for
both the HF and LF groups, but no difference (P = 0.10) was found with respect to
treatment (Figure 3.8). Overall change for GMDST was not different (P = 0.10) between
groups, with a GMDST change from d 0 to d 70 of –1.18 ± 0.18 and –1.0 ± 0.17 for the
HF and LF groups, respectively. After d 0, GMDST decreased (P < 0.0001) for both the
HF and LF groups. From d 51 to d 70, an increase (P < 0.005) in GMDST score was
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found for both the HF and LF groups, but no difference (P = 0.10) was found between
groups on d 70.

Disposition
The subjective measurement for DIS was taken on d 0, 25, 51 and 70 of the study
period for both the HF and LF groups (Figure 3.9). Time (day) influenced (P < 0.0001)
DIS score during the 70-d feeding period, but no effect (P = 0.10) was found related to
treatment. Moreover, overall change in DIS over time was not different (P = 0.10)
between treatment groups, with a DIS change from d 0 to d 70 of -0.81 ± 0.11 and -0.65
± 0.18 for the HF and LF groups, respectively. From d 51 to d 70 both the HF and LF

group had a decrease (P < 0.0001) in DIS. Within day, no difference (P = 0.10) was
found between the HF and LF groups.
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Figure 3.7. Mean gluteus medius depth (GMD; cm) measured on d 0, d 51 and d 70 of
the feeding period. No differences (P = 0.10) in GMD measurements were
observed between high fat and low fat groups within days. Time: P<
0.0001; TRT: P = 0.10.
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Figure 3.8. Mean gluteus medius depth stress (GMDST; 0 to 3 scale) was taken on d 0, d
51 and d 70 of the feeding period. No differences (P = 0.10) in GMDST
scores were observed between High Fat and Low Fat groups within days.
Time: P < 0.0001; TRT: P = 0.10.
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Figure 3.9. Mean disposition (DIS; 1 to 5 scale) during the 70-day feeding
period. No differences (P = 0.10) in DIS scores were observed
between the High Fat and Low Fat groups within day. Time P<0.01.
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Body Condition Score
Body Condition Score was recorded on d 0, 25, 51 and 70 for both the HF and LF
groups (Figure 3.10). Time (day) significantly affected (P < 0.0001) BCS during the 70-d
feeding period, but no difference (P = 0.10) was found between treatment groups. Overall
change for BCS was not different (P = 0.10) between treatment groups, with a BCS
change from d 0 to d 70 of 0.50 ± 0.12 and 0.55 ± 0.19 for the HF and LF groups,
respectively. From d 0 to d 51, BCS linearly increased (P < 0.0001) for both HF and LF
groups. From d 51 to d 70, a significant decrease (P < 0.027) in BCS was noted for both
the HF and LF groups.

Body Weight
Measurement of BW was taken on d 0, 14, 25, 51, and 70 for both the HF and LF
groups (Figure 3.11). Body weight for both the HF and LF groups had a linear increase
throughout the feeding period. Time (day) and treatment had a significant tendency for an
interaction (P < 0.06) to affect BW in HF and LF groups. Further, there was a trend for
overall change in BW (P < 0.08) between treatment groups, with a BW change from d 0
to d 70 of 45.84 ± 2.5 kg and 51.87 ± 2.34 kg for the HF and LF groups, respectively.
Within measurement d, no difference (P = 0.10) was found in BW between the HF and
LF groups.
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Figure 3.10. Mean body condition score (BCS; 0 to 9 scale) during the 70-day feeding
period. No differences (P = 0.10) in BCS scores were observed between
the High fat and Low fat groups within day. Time:P <0.01; TRT:P=0.10.
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Figure 3.11. Mean body weight (BW; kg) during the 70-day feeding period, with extra
measurement on d 14. No differences (P = 0.10) in BW were observed
between the High Fat and Low Fat groups within days. Time x TRT: P <
0.06.
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Progesterone
Blood samples for serum concentrations of P4 were taken on d 0, 14, 25, 51 and
70 during the study period for both the HF and LF groups (Figure 3.12). Additional
samples were also taken on d 71 when synchronization device (CIDR) was inserted (*IN)
and on d 78 when CIDR was removed (*OUT; see timeline, Figure 3.1). Time (day) had
an interaction with treatment (P < 0.04) influencing serum concentrations of P4 during the
feeding period. Overall change for serum concentrations of P4 tended to be different (P =
0.10) between treatment groups, with a P4 change from d 0 to d 70 of 1.91 ± 0.95 ng/ml
and 0.07 ± 0.48 ng/ml for the HF and LF groups, respectively. Pooled across treatment
groups, after d14 both HF and LF groups had an increase (P < 0.012) in serum
concentrations of P4, with the HF group having the greater increase. From d 71 (CIDRIN) to d 78 (CIDR-OUT) serum concentrations of P4 most likely were influenced by the
use of CIDR device. Prior to this within d, beginning on d 51 until d 78 when CIDR was
removed, serum concentrations of P4 were greater in the HF group (P < 0.05) compared
to the LF group.

Cholesterol
Blood samples for serum concentrations of CHL were taken on d 0, 14, 25, 51 and
70 during the study period, and also on d 71(*IN; see timeline, Figure 3.1) and 78(*OUT;
see timeline, Figure 3.1) for both HF and LF groups (Figure 3.13). Time (day) tended to
interact with treatment (P < 0.07), influencing serum concentrations of CHL during the
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70-d feeding period. Overall change for serum concentrations of CHL was different (P <
0.003) between treatment groups, with a change in serum concentrations of CHL from d
0 to d 70 of 39.05 ± 3.93 ng/dl and 23.59 ± 2.92 ng/dl for the HF and LF groups,
respectively. In the first 14 d of the study period, values for serum concentrations of CHL
as pooled across treatment groups increased (P < 0.0001) for both the HF and LF groups.
In contrast, after d 14 values for serum concentrations of CHL, decreased (P < 0.0001) in
for both HF and LF groups followed by an increase (P < 0.0001) from d 25 until d 70. On
d 51, 70, 71(*IN; see timeline, Figure 3.1) and 78 (*OUT; see timeline, Figure 3.1),
serum concentrations of CHL did differ (P < 0.03) between treatment groups, with the
HF group exhibiting greater CHL than the LF group.

Cortisol
Blood samples for serum concentrations of COR were taken on d 0, 14, 25, 51,
and 70 during the study period for both the HF and LF groups (Figure 3.14). Additional
samples were taken on d 71 (*IN) and d 78 (*OUT). Time (day) affected (P < 0.0001)
serum concentrations of COR during the 70-d feeding period, but no effect was found on
treatment (P = 0.10). Overall change for serum concentrations of COR was not
statistically significant (P = 0.10) between treatment groups, with serum concentrations
of COR change from d 0 to d 70 of 0.27 ± 0.10 µg/dl and 0.56 ± 0.10 µg/dl for the HF
and LF groups, respectively. No difference (P = 0.10) was found within measurement d
between treatments. Values for serum concentrations of COR pooled across treatment
decreased (P < 0.0001) for both the HF and LF groups in the first 25 d of the study
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period, with the HF group having lower serum concentrations of COR. From d 25 until d
70, serum concentrations of COR were increased (P < 0.0001) for both the HF and LF
groups, followed by a decline (P < 0.0001) after d 70.

Pregnancy rate and Reproductive Tract Score
Reproductive tract scores taken on d 71 when CIDR was inserted did not differ (P
= 0.10) between treatment groups (Figure 3.16). Pregnancy rate also did not differ (P =
0.10) between treatment groups.
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Figure 3.12. Serum concentrations of progesterone (P4) during the 70-day feeding period.
Groups differed (P < 0.05) from d 51 to d 78 (*OUT) until CIDR removal.
* Indicates values are different (P < 0.05). Time x TRT: P < 0.035.
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Figure 3.13. Serum concentrations of cholesterol (CHL) during the 70-day feeding period.
Groups differed (P < 0.05) from d 51 to d 78 (*OUT) until CIDR removal.
* Indicates values are different (P < 0.03). Time x TRT: P < 0.007.
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Figure 3.14. Serum concentrations of cortisol (COR) during the 70-day feeding
period. No differences (P = 0.10) in cortisol concentrations were
observed between the High Fat and Low Fat groups within days. Time:
P < 0.0001; TRT: P = 0.10.
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Figure 3.15. Percentage pregnancy rate (%) after 60 days A.I., and reproductive
tract score (RTS; 1 to 5 scale) on d 71 when CIDR was inserted.
*Groups did not differ (P = 0.10) with respect to pregnancy rate and
RTS.
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Relationship among study parameters
Correlations among REA, RBF, %IMF, IMFST, RF, GMD, GMDST, DISP, BCS,
BW, P4, COR and CHL are reported in Table 3.1. Beginning with the relationship
between REA and other correlation variables, a low but correlation (P < 0.0004) was
found between %IMF, RF, GMD, BCS, P4 and CHL, respectively. A moderate
correlation (r = 0.61; P < 0.0001) was found between REA and BW. Rib fat expressed a
low correlation (P < 0.028) between %IMF, GMD, DISP and BCS, respectively. A
moderate correlation (r = 0.59; P < 0.0001) was found between RBF and RF. Percentage
IMF had a low correlation (P < 0.0002) between RF, GMD, BCS, BW, P4 and CHL,
respectively. A moderate to high correlation (r = 0.71; P < 0.0001) was found between
IMFST and GMDST scores. Rump fat expressed a low correlation (P < 0.0002) between
GMD, BCS, BW and P4, respectively. Between GMD and BCS there was a low
significant correlation (P < 0.0001), however a moderate correlation (r = 0.58; P <
0.0001) was found between GMD and BW. Body condition score with respect to BW had
a moderate correlation (r = 0.59; P < 0.0001). A low correlation were also found among
the following: GMDST and DISP (P < 0.0001); DISP and COR (P < 0.0214); BW and
P4, CHL respectively (P < 0.0032); P4 and COR (P < 0.0373); and COR and CHL (P <
0.0143).

Table 3.1. Pearson correlations were calculated among body composition and the physiological
traits as pooled across the 70-day study period. Fisher’s r to z transformations was used to
identify significant (P < 0.05) correlative trends among these traits.

Item
REA
(cm2)
RBF
(cm)
%IMF

REA
(cm2)

-----

RBF
(cm)
0.13
ns

-----

IMFST

%IMF

IMFST

0.35

-0.35
ns
-0.26
ns
-0.31
ns

0.33

-----

-----

RF
(cm)
GMD
(cm)
GMDST

RF
(cm)

GMD
(cm)

0.31

0.45

0.59

0.30

0.40

0.34

-0.40
ns

-0.36
ns

-----

0.39

-----

GMDST

DISP

-0.34
ns
-0.25
ns
-0.50
ns

-0.30
ns
0.18

-0.39
ns
-0.35
ns

-0.02
ns
0.01
ns
0.03
ns
-0.18
ns

-----

0.14

0.71

DISP

-----

ns = not significant
REA= ribeye area

RBF= rib fat

RF= rump fat

%IMF = percentage intramuscular fat

DISP= disposition

IMFST= intramuscular fat stress

GMDST= gluteus medius depth stress

GMD= gluteus medius depth
78

79
Table 3.1. (continued)

Item
REA
(cm2)
RBF
(cm)
%IMF
IMFST
RF
(cm)
GMD
(cm)
GMDST
DISP
BCS

BCS

BW
(kg)

P4
(ng/ml)

0.37

0.61

0.28

0.18

0.15
ns

0.10
ns

0.38

0.48

0.21

-0.32
ns

-0.42
ns

-0.13
ns

0.33

0.31

0.25

0.47

0.58

0.25

-0.41
ns
-0.22
ns

-0.55
ns
-0.25
ns

-0.24
ns
-0.01
ns

-----

0.59

0.32

-----

0.27

BW
(kg)
P4
(ng/ml)
COR
(ug/dl)
CHL
(ng/ml)
ns = not significant

-----

COR
(ug/dl)
-0.03
ns
-0.16
ns
-0.01
ns
0.07
ns
-0.01
ns
0.02
ns
0.01
ns
0.15

CHL
ng/ml)
0.35

0.01
ns
0.24

-0.13
ns
0.11
ns
0.05
ns
-0.27
ns
-0.22
ns

0.08
ns
-0.01
ns

0.17

0.13

0.01
ns

-----

0.15

-----

BCS= body condition score

BW= body weight

P4= progesterone

COR= cortisol

CHL= cholesterol

0.18
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Discussion
Although BCS throughout the study were similar among treatment, heifers in the
LF group were heavier and had the larger REA. Nevertheless during the 70-d feeding
period, BW, BCS, GMD and REA linearly increased for both the HF and LF groups. The
positive relationship among these variables with animal growth and condition exhibited a
moderate correlation for BW and BCS, BW and GMD, and BW and REA. Hall et al.
(1995) reported that at 75 and 13 d prior to attainment of puberty, BW, heart girth, BW:
height, REA and BCS increased linearly as puberty approached in beef heifers. These
findings also agree with Leaflet (2001), which reported that heifers that were farther
along in their growth and development, as evidenced by heavier weights, larger ribeyes
and more rump fat, were more likely to have a higher reproductive tract score and to be
cycling at one year of age. The relationship between REA and GMD, which represents a
good estimator of total muscling in the animal, was positive in the present study. With
respect to RF and RTS in this study, the LF group had the lower RF and RTS, and as
expected, heifers in the HF group had numerically greater fat deposition for RBF and RF
at the end of study than LF heifers; although this was not different (P = 0.10). Similar
findings were found by Schoonmaker et al., (2004) feeding young steers on a high-grain
energy diet (NEm, Mcal/kg = 2.11), which caused an appreciable amount of energy to be
partitioned to subcutaneous fat, thereby accelerating physiological maturity. Rib fat and
rump fat are considered to be an important estimator of total body fat. In contrast, %IMF
was numerically lower for the HF group at the end of the study, but no difference was
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found between the HF and LF groups. Alao and Balnave (1984) found that different fats
or oil sources might vary in their influence of growth and carcass fat deposition. In
general, %IMF, RBF, RF and REA did not differ for the two feeding groups relative to
overall feeding treatment. This suggests there may be no direct relationship between
feeding HF diets or LF diets with these traits. With respect to RF, after d 51 both the HF
and LF groups showed a numerical decrease in the amount of fat deposited, but this was
not statistically different. In addition, percentage intramuscular fat had a significant
decrease for both the HF and LF groups after d 51. Both IMFST and GMDST suggest
that this may have occurred with an inverse relationship found among %IMF and RF and
IMFST and GMDST after d 51; thus as the %IMF and RF decreased, IMFST and
GMDST increased. The importance of this inverse relationship can be seen in the
negative correlation between %IMF and IMFST, %IMF and GMDST, RF and IMFST,
and RF and GMDST. These values strongly agree with the idea that physical stress can
negatively impact the quality grades and may produce lower quality grades in heifers.
Kreikemeier et al. (1998) reported that physical stress occurred during fights, mounting
or even during management practices, which is known to increase glycogenolysis in
skeletal muscle, and a deficit of glycogen results in dark cutting beef and consequently
low quality grade. To highlight the negative impact of stressors on body composition
traits, a moderate to high correlation between IMFST and GMDST was found in this
study. The monitoring of physiological hormones such as serum concentrations of
cortisol (COR) is also routinely used to measure the negative impact of some stressors on
an animal’s performance and body composition characteristics. Cortisol is regulated by
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the action of adrenocorticotrophic hormone (ACTH) and corticotrophin releasing factor
(CRF) from the hypothalamus, and it is responsible for several changes in an animal’s
behavior response, which affects physiological and metabolic functions (Baulieu and
Kelly, 1990). In this study, serum concentrations of cortisol for the HF and LF groups
when compared with subjective measurements for IMFST and GMDST had a similar
trend. As expected, from d 0 to d 25 for both HF and LF group, as IMFST decreased,
serum concentrations of cortisol also decreased. After d 51 until d 70, for both HF and LF
groups, as serum concentrations of cortisol significantly increased, GMDST and IMFST
also significantly increased. Stahringer et al. (1989) reported that heifers with excitable
behavior had higher serum concentrations of cortisol. To reinforce the relationship
between serum concentrations of cortisol and subjective stress measurements, disposition
measurements (Grandin, 1993), were used to represent the behavioral effect of animals
during handling. As pooled across treatment groups, from d 0 until d 25 of the study
period, both HF and LF groups had a numerical, but not statistical decrease in DIS.
Similarly; both the HF and LF groups had a significant decrease (P < 0.0001) in serum
concentrations of cortisol during this time. From d 25 to d 51, there was an increase in
serum concentrations of cortisol but no increase for DIS score, yet between d 51 and d
70, DIS measurements inversely overlapped cortisol measurements, with serum
concentrations of cortisol having a significant increase and DIS having a significant
decrease. A reasonable explanation with respect to the significant decrease in DIS after d
51 could be due to the sensitive period of frequent handling and socialization with people
and the environment area where these animals were handled. In contrast, the increase in
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serum concentrations of cortisol might be caused due to any change at the moment when
blood samples were collected or with the way that animals were managed prior to blood
collection. Studies with a number of species such as the dog, goat and sheep have
indicated the existence of a sensitive period for “socialization” (Scott, 1978). Correlation
coefficients between cortisol and DIS in this study were significant, but had a weak
correlation (r = 0.15). Several attempts have been made to clearly define what are
actually being measured using both the objective and subjective methods (Cover and
Hostetler, 1960; Schutz, 1969; Shepard, 1953 and Szczesniak, 1968 as cited by Gacula et
al. 1971). However, conflicting and discouraging results have been reported in regard to
the degree of their correlation (Gacula et al., 1971).
Cholesterol is the obligatory precursor of P4 and changes in either its cellular
concentration or metabolism might, therefore, be expected to play a central role in
regulating P4 biosynthesis (Henderson et al., 1981). In this study, on d 51, 70, 71 (*IN)
and 78 (*OUT), P4 and CHL were found to be higher for the HF group compared to the
LF group; however, P4 was not correlated with CHL (P = 0.10). During the 70-d feeding
period, serum concentrations of P4 increased for the HF group and CHL concentrations
increased almost 70% for both the HF and LF groups. These findings are also reported by
Talavera et al. (1985), which indicated that feeding 15% sunflower oil seed as a source of
supplemental dietary lipid for 70 d increased mean total cholesterol by 70% and
increased mean P4 concentrations during the mid-to-late-luteal phase of the estrous cycle.
According to serum concentrations of P4 throughout the study period, 65% of the heifers
developed a functional CL, as indicated by serum concentrations greater than 2ng/ml.
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Elevated concentrations of P4 are correlated with an increase in conception rate (Kerbler
et al., 1997). However, serum concentrations of P4 in this study did differ between
treatment groups, but pregnancy rates were not different. From d 70 until when CIDR
was removed (d 78; *OUT), serum concentrations of P4 for the HF group decreased as
well as CHL concentrations. In contrast, serum concentrations of CHL for the LF group
after d 70 had a linear increase while serum concentrations of P4 decreased.
Body condition score has been a useful tool in evaluation of energy balance in
beef cattle. Reproductive status in relation to BCS and energy balance was considered by
Villa-Godoy et al. (1990). In this study, the HF group had a numerically greater BCS than
the LF group and had a numerically greater pregnancy rate. Kunkle et al. (1994) reported
that heifers with a higher BCS at breeding or pregnancy testing had improvements in
pregnancy rate. Although BW contradicts BCS in this study, heifers from the HF group
had greater BCS. Otherwise, the relationship between BCS and BW had a moderate
correlation (r = 0.59). Northcutt et al. (1992) found even a lower correlation (r = 0.48)
when adjusting BW for BCS in Angus cows. Although BCS has been directly related to
BW and pregnancy rate, BCS also has a direct relationship with body fat (Waltner et al.,
1993). These findings agree with this study in that BCS had a positive correlation with
RF, %IMF, and BF. With respect to RTS, animals in the HF group had a greater RTS as
well as higher BCS as previously mentioned. Similar results were reported by LeFever
and Odde (1986); Brown (1986), and Andersen (1987), which noted that cycling heifers
(RTS = 4 and 5) with a moderate to high body condition score (BCS = 6) had the highest
pregnancy rates to synchronized breeding and at the end of the first breeding season.
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Implications
Direct effects of extruded-expelled soybean meal as a diet supplement with
approximately 10% soybean oil in a forage-based system in pre-puberal beef heifers
positively affected serum concentrations of progesterone and cholesterol. However, there
were no differences between dietary treatments on pregnancy rate, and body composition
traits overall were not significantly affected by treatment diets. Nevertheless,
intramuscular fat stress score had a negative impact on %IMF and likely was also related
to RF deposition. Cortisol concentration from the beginning to the end of the study
significantly decreased which might be an indication of some acclimation to handling
practices during the 70-d feeding period. Disposition score declined when animals
underwent their socialization period with the environment, people and handling, and this
occurred after d 51. In conclusion, similar heifer growth and reproductive performance
variables can be achieved by supplementing either a low fat mixture of 80% corn and
20% commercial protein pellet, or high fat 80% corn and 20% extruded soybean meal
with 10% soybean oil at a rate of 2.3 kg/head/d in a ryegrass pasture system, as this study
found little treatment variations between the low and high fat treatment groups.

CHAPTER IV
SUPPLEMENTATION WITH DIETARY FAT IN A DRYLOT SYSTEM
COMPARED TO A RYEGRASS (Lolium multiflorum L.) PASTURE
ON REPRODUCTIVE PERFORMANCE AND
BODY COMPOSITION TRAITS IN
REPLACEMENT BEEF
HEIFERS.

Introduction
Feeding dietary fat has been used in feedlot operations to increase ADG, reduce
ADFI and enhance carcass traits. Moreover, the onset of reproductive activity is linked
with age, body weight and dietary energy intake in beef heifers. Nutritional factors are an
important factor in the development and successful reproductive life for replacement beef
heifers. Dietary fat has been used to increase energy density of the diet resulting in a
positive effect on ovarian follicular growth, luteal function and changes in hormone
concentrations. However, dietary fat also can have a positive influence on animal
performance and fat composition of the carcass. Funston (2004) reported that lipid
supplementation has been shown to positively affect reproductive function within several
important tissues, including the hypothalamus, anterior pituitary, ovary and uterus.
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Dietary fat supplementation increases circulating concentrations of cholesterol
(Staples etal., 1998) and progesterone, and prolongs the lifespan of induced corporea
lutea (CL) in cattle (Williams and Stanko, 1999). According to Staples et al. (1998),
increased concentrations of plasma progesterone have been associated with improved
conception rates of lactating ruminants.
As long as economically feasible, the use of dietary fat at a reasonable level can
improve feed efficiency and marbling score in beef cattle (Felton et al., 2004). However,
Alao and Balnave (1984) pointed out that different fats or oil sources vary in their
influence on growth and carcass composition. In addition Brandt and Anderson, (1990)
reported in a summary of trials, which involved more than 1,000 yearling cattle fed 0 vs
3.5 or 4% supplemental fat, that fat supplementation did not influence dressing
percentage when the feeding period was less than 90 d. Nelson et al., (2004) fed tallow
to beef steers for 165 d and had lower (P = 0.01) marbling scores, and a lower (P = 0.07)
percentage of U.S. choice carcasses than those fed restaurant grease. This result is in
contrast with Brandt et al. (1990), who fed yellow grease, tallow and soybean oil to beef
steers during 132 d and found that dressing percentage increased (P < 0.05) by
supplemental fat feedings. However, rib-fat thickness and marbling degree only tended
(P = 0.10) to be higher for soybean oil and yellow grease fed steers. Studies reported that
the use of dietary fat has a contradictory effect with respect to fat thickness and marbling
score. Zinn (1988) reported that dietary fat did not affect either fat thickness or marbling
score; in contrast in Zinn (1989) marbling score increased for animals fed dietary fat.
Ambiguous results were also reported by Boch et al. (1991) where dietary fat
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supplementation increase fat thickness and increase fat thickness but decreased
marbling as reported by Clary et al. (1993).
As a common management practice in a cow-calf operation, replacement heifers
weaned in the winter are placed in a dry-lot system to provide proper nutritional
management and returned to pasture systems in the spring for breeding and continued
growth. However, the needs for quality feeds and good management are relevant points
in the prospective future of the female. Olson et al. (1992) reported that a drylot system
allows intensive nutritional management to insure proper development for successful
breeding in the short term, but heifer productivity in the long term may be compromised.
Provenza and Balph (1988) reported that, in addition to housing animals in a dry-lot
system, the importance of early experience in shaping the interaction of grazing livestock
with the range resources might positively affect animal performance. In a study by Olson
et al. (1992), growth and reproductive performance of heifers during winter season were
not affected by either range or drylot environments. Similar results were found by
Lancaster et al. (1973), which indicated that carcass traits for 205-d-old weaned calves
placed directly on a high-concentrate finishing diet in a drylot system were similar to
those weaned calves grazing for 76 d before being placed on a finishing diet.
The objective of this study was to compare the feeding of dietary fat supplementation in a
drylot system compared to a ryegrass (Lolium multiflorum L.) pasture system on body
composition traits and reproductive performance in replacement beef heifers.
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Materials and Methods

Animal, Management and Sample Collection
This study was conducted at the Brown Loam Branch Experiment Station
Raymond, MS in Spring 2004. One hundred and five crossbreed beef heifers were
assigned to this experiment. Age of the heifers at the onset of the experiment ranged from
11 to 13 months of age, while the average weight was 255 ± 5 kg. Animals were stratified
into three treatment groups as follows: Group 1: High fat diet (HF) with 35 animals,
Group 2: Low fat diet (LF) with 35 animals, and Group 3: Control diet (CON) with 35
animals. Animals from Groups 1 and 2 were housed by treatment group in separate
drylot pens with ad libitum access to bermudagrass hay [Cynodon dactylon (L.) Per],
water and loose mineral. Animals from Group 3 were maintained in paddocks with ad
libitum access to annual ryegrass pasture, bermudagrass hay, water and loose mineral.

Heifers from the HF group were fed at a rate of 2.7 kg/head/d once daily with supplement
which contained 66.7% Fuzzpellet cottonseed (Buckeye Technology INC., Memphis,
TN) plus 33.3% soybean meal (Soybean Resource Group, Rolling Fork, MS), and the LF
were fed the same quantity as the HF group once daily with supplement which contained
66.7% extruded-expelled soybean meal (Soybean Resource Group, Rolling Fork, MS),
and 33.3% cracked corn. The diet composition for both the HF and LF groups were
formulated to be isonitrogenous (CP = 18%) and isocaloric (Mcal/kg = 1.12), with fat
content of 5.0% DM and 2.5% DM for the HF and LF groups, respectively. Animals
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were fed daily throughout the 84-d study period. Fourteen d prior study begins animals
were preconditioned to their respective dietary treatment.
Measurements with respect to animal growth and development were taken using
real-time ultrasound conducted with an Aloka SSD 500V ultrasound machine equipped
with a 3.5-MHz, 172-mm transducer (Aloka Co. Ltd., Wallingford, CT). Body
composition measurements were taken on d 0, 28, 56 and 84 for the following traits:
ribeye area (REA; longissimus muscle area) which represents the cross-sectional area of
the longissimus muscle at the points between the 12th and 13th rib, rib fat (RBF) which is
the subcutaneous fat between the 12th and 13th rib over the longissimus dorsi muscle,
percentage intramuscular fat (%IMF) which is the estimator of the degree of marbling or
intramuscular fat in the longissimus dorsi muscle, measured in the longitudinal image of
the longissimus muscle directly over the 11th, 12th and 13th rib, rump fat (RF) which is an
additional estimator of total carcass fat, and gluteus medius depth (GMD) which aids in
prediction of percentage retail product of the carcass. Both RF and GMD were measured
over the rump between the hooks and the pins. The Beef Image Analysis (BIA) software
from Designer Genes Technologies (Harrison, AR) was used to determine values of
%IMF, REA, and RBF. In addition, a subjective measurement to assess marbling loss,
which indicates the percentage of intramuscular fat lost in the %IMF and GMD images,
was assessed based on visual appraisal (0 to 3; being 0 = zero % loss, 1 = 10 to 25% loss,
2 = 25 to 50% loss and 3 = greater than 50% loss). The percentage of intramuscular fat
lost in these traits was based on the non-reflection of sound waves appearing with respect
to intramuscular fat content in %IMF and GMD images. The aforementioned
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measurements were also referred to as %IMF stress-score (IMFST) and GMD stressscore (GMDST), using the scale interpreted as: 0 = no stress, 1 = slight stress, 2 =
moderate stress, and 3 = intensive stress.
At each scanning d, heifers were weighed and given a body condition score (BCS;
Thompson et al., 1983) using a scale of 1 = emaciated to 9 = obese. Blood samples were
collected via jugular venipuncture following ultrasound measurements. Samples were
collected using the Vacutainer system (plain serum tubes; Franklin Lakes, NJ, USA) to
obtain serum. Samples were centrifuged (2000×g) on the d of collection and stored at 20°C until analysis of serum concentrations of progesterone (P4; Diagnostic Systems
Laboratories, Inc, Webster, TX), and serum concentrations of cortisol (COR; COAT-ACOUNT, Diagnostic Products Corporation, Los Angeles, CA) by radioimmunoassay
(RIA). Serum concentrations of cholesterol (CHL) were determined using colorimetric
assays (Infinity  Cholesterol Reagent – Procedure N° 41; Sigma Diagnostics, St. Louis,
MO). In addition, at the beginning and at the end of the study erythrocyte fragility was
assessed as a measure of any gossypol toxicity in treatment diets (AOCS, 1998; Pope
Testing Laboratory, Dallas, TX) using spectrophotometry (Nelson, 1979). Intra-assay and
inter-assay coefficients of variation for P4, cortisol and cholesterol were 4.51 and 5.12%;
3.56 and 4.38 %; and 3.95 and 5.52%, respectively. The range of sensitivity of the
modified P4 RIA was 0.075 to 60 ng/ml, and has been previously validated in our
laboratory (Gandy et al., 2001; see Appendix A). The range of sensitivity of cortisol was
0.25 to 50 µg/dL (see Appendix B) and cholesterol was 10 mg/dL to 270 mg/dL (see
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Appendix C). A 0.65% level of hemolysis in erythrocyte fragility measurement was
chosen as the critical point in this study (Nelson, 1979; see Appendix D).

Measurements of Reproduction
On d 77, heifers were assigned a reproductive tract score (RTS) as determined by
rectal palpation and ultrasound examination. Tract scores were recorded on a scale of 1 to
5 where 1 = no palpable follicle, immature (< 20mm diameter, no tone) uterine horns,
and 5 = corpus luteum present (> 10 mm follicles), uterine and horns with > 30 mm
follicle diameter (Andersen et al., 1991). On d 77 a controlled internal drug release
device (EAZI BREED CIDR Pfizer Animal Health, New York, NY) was inserted
intravaginal to synchronize the estrous cycle. Seven d after CIDR insertion, it was
removed and animals were administered an IM injection of prostaglandin (PGF2α;
Lutalyze; Pfizer Animal Health, New York, NY). Visual heat detection was observed,
and animals were artificially inseminated (AI) upon visual heat detection. Animals that
were not observed in estrus were fixed-time AI (TAI) 72 hours after CIDR removal.
Rectal palpation for pregnancy was performed 60 d after AI.

Preconditioning
Diet

D -14

Animals Detected
in estrus (AI)

D 0

D 28

D 56

*Study

* Sample
Day

* Sample
Day

Begins

D 77

D 84

RTS
CIDR-OUT
CIDR-IN
PGF2α

D 87

TAI @
72 h

D 147

Pregnancy
Detection

*Study
Ends
* Measurements: REA, %IMF, RBF, RF, GMD, IMFST, GMDST, BW, BCS and Blood Sample.

Figure 4.1. Timeline for the study (Spring 2004).
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Statistical Methods
Statistical analysis was performed using ANOVA to ascertain treatment group
(HF, LF) and time (d) influences on study parameters which included: REA, %IMF,
RBF, RF, GMD, BW, BCS, %IMFST, GMDST, and serum concentrations of P4, CHL
and COR. For mean separation of body composition traits, unpaired Student’s t-tests
were employed and the data expressed throughout as the mean ± SEM. Pearson
correlation coefficients were calculated among body composition traits as pooled over the
entire study period (d 0 – d 84) within treatment group (HF, LF), and Fisher’s r to z
transformations utilized to identify correlative trends (P < 0.05) among these traits. ChiSquare analysis was performed to test the proportion of estrus activity before AI and
pregnant versus non-pregnant heifers with respect to treatment groups. Level of
significance was stated as P < 0.05. All statistical analysis was performed using the
Mixed procedure with Statview software of the SAS institute, Inc. (Statview, 2003).

Results

Body Composition Traits

Ribeye area
Measurements for REA were conducted at 28 d intervals throughout the 84-d
study period for HF, LF and control treatments. Time (day) had a significant interaction
with treatment (P < 0.03), influencing REA during the feeding period (Figure 4.2). The
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CON group had the largest REA on d 0, 56 and 84, compared to HF and LF groups (P <
0.05). The LF group was the only group with a negative change in REA in the first 28-d
of the study (Figure 4.3). Overall REA change was different (P < 0.05) among treatment
groups, with a REA change from d 0 to d 84 of 8.63 ± 0.94 cm2, 7.65 ± 1.15 cm2 and
13.62 ± 0.97 cm2, for the HF, LF and CON groups, respectively. Within day the LF and
HF groups did not differ (P = 0.10) with respect to overall REA change.

Rib Fat
Throughout the 84-d study period, time (day) had an interaction with treatment (P
< 0.0001), influencing RBF deposition during the feeding period (Figure 4.4). On d 0,
RBF did not differ (P = 0.10) among treatment groups; however on d 28 both HF and LF
groups did differ (P < 0.05) from the CON group in RBF, with the CON group exhibiting
the largest RBF deposition. Both LF and HF groups exhibited a numerical loss in RBF in
the first 28-d of the study period, at the same time as the CON group exhibited a linear
increase. On d 56 and 84 RBF deposition was different (P < 0.05) among treatment
groups. Although, both the HF and LF groups gained RBF from d 28 to d 56, changes
for RBF were still negative. From d 56 to d 84, while the HF group was gaining RBF, the
LF group had a numerical decrease in RBF. Overall RBF changes were also different (P
< 0.001) among treatment groups (Figure 4.5), with a RBF change from d 0 to d 84 of
0.005 ± 0.046 cm, -0.043 ± 0.038 cm and 0.37 ± 0.030 cm for the HF, LF and CON
groups, respectively.
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Figure 4.2. Mean REA throughout the 84-day feeding period. Differences (P < 0.05
were observed between the CON group and dietary fat treatment groups
(HF and LF). Time x TRT: P < 0.03).
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Figure 4.3. Mean REA change at each measurement day. Differences (P < 0.05) for
mean REA were observed among groups within day. REA change
(normalized; Day – d 0) a, b, P < 0.06; c, d, P < 0.001.
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Figure 4.4. Mean RBF throughout the 84-day feeding period. Differences (P <
0.05) were found from d 28 to d 84 between fat treated groups and the CON
group, and the HF and LF groups differed (P < 0.05) on d 56
and d 84. Time x TRT: P < 0.0001.
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Figure 4.5. Mean RBF change at each measurement day. Differences (P < 0.001) were
observed between dietary fat groups and the CON group within day. RBF
change (normalized; Day – d 0) a, b, P < 0.001).
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Percentage Intramuscular Fat
A significant time (day) by treatment interaction (P < 0.0002) influenced
percentage of intramuscular fat during the 84-d feeding period. On d 0 and 56, HF and LF
groups differ (P < 0.05) in %IMF from the CON group, with the CON group exhibiting
the greatest %IMF (Figure 4.6). In the first 28-d of the feeding period, while the CON
and HF groups gained %IMF, with differences among treatments (P < 0.05), the LF
group lost %IMF. From d 28 to d 56, values for %IMF as pooled across treatment groups
demonstrated a significant decline (P < 0.0004). On d 84, while LF group was still losing
%IMF, treatment groups exhibited a statistical difference (P < 0.05) in %IMF, with the
HF and CON groups gaining %IMF. Overall change in %IMF was statistically significant
(P < 0.005) among treatment groups (Figure 4.7), with a %IMF change from d 0 to d 84
of 0.16 ± 0.08%, -0.28 ± 0.07% and 0.13 ± 0.07%, for the HF, LF and CON groups,
respectively.

Intramuscular Fat Stress Score
The subjective measurement for IMFST was assessed each time when %IMF was
measured. A significant time (day) by treatment interaction (P < 0.0001) influenced
IMFST during the 84-d feeding period. Overall change for IMFST was different (P <
0.02) among treatment groups (Figure 4.9), with an IMFST change from d 0 to d 84 of –
0.03 ± 0.09, 0.51 ± 0.13 and –0.09 ± 0.06, for the HF, LF and CON groups, respectively.
The IMFST exhibited an inverse relationship with respect to %IMF (Figure 4.8), with the
LF group displaying the lowest %IMF and the greatest IMFST at the end of the study. A
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similar relationship was found for the CON group, which exhibited the greatest %IMF
and the lowest IMFST throughout the study.

Rump Fat
A time (day) vs. treatment interaction (P < 0.0001) influenced RF during the 84-d
feeding period. Throughout the study period, HF and LF groups were different (P < 0.05)
from the CON group in RF, with the CON group having the greatest RF deposition
(Figure 4.10). Overall change in RF was also statistically different (P < 0.0001) among
treatment groups, with a RF change from d 0 to d 84 of 0.21 ± 0.05 cm, -0.04 ± 0.05 cm,
and 1.00 ± 0.08 cm, for the HF, LF and CON groups, respectively (Figure 4.11).
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Figure 4.6. Mean %IMF throughout the 84-day feeding period. Differences (P < 0.05)
were found from d 28 to d 84 between dietary fat treatment groups and the
CON group. The HF and LF groups differed (P < 0.05) on d 28 and d 84.
Time x TRT: P < 0.0002).
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Figure 4.7. Mean %IMF change at each measurement day. Differences (P < 0.005) were
observed among groups in the first 28-d and as reflected and 84-day change of
the study. Percentage IMF change (normalized; Day – d 0) a, b, P < 0.005.
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Figure 4.8. Mean IMFST throughout the 84-day feeding period. Differences (P < 0.05)
were found on d 0 between the LF and CON/HF groups, and on d 84
between the HF and LF groups, and LF and CON groups. Time x TRT: P <
0.0001.
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Figure 4.9. Mean IMFST change at each measurement day. Differences (P < 0.02) were
observed among groups on d 28, 56 and 84 of the study. IMFST change
(normalized; Day – d 0) a, b, P < 0.02.
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Figure 4.10. Mean RF throughout the 84-day feeding period. Differences (P < 0.05) were
found from d 0 to d 84 between dietary fat treatment groups and the CON
group. The HF and LF groups differed (P < 0.05) on d 56 and d 84. Time x
TRT: P < 0.0001.
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Figure 4.11. Mean RF change at each measurement day. Differences (P < 0.0001) were
observed among groups on days 28, 56 and 84 of the study. RF change
(normalized; Day – d 0) a, b, c, P < 0.0001.
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Gluteus Medius Depth
Gluteus medius depth had a linear increase throughout the 84-d study period for
all the treatment groups (Figure 4.12). A time (day) by treatment interaction (P < 0.08),
influenced GMD during the 84-d feeding period. The HF and LF groups differed (P <
0.05) from the CON group in GMD throughout the study period, with the CON group
having the greatest GMD. Overall change in GMD was statistically different (P < 0.01)
among treatment groups, with GMD change from d 0 to d 84 of 1.34 ± 0.32 cm, 0.81 ±
0.22 cm, and 3.05 ± 0.34 cm, for the HF, LF and CON groups, respectively (Figure 4.13).

Gluteus Medius Depth Stress
The subjective measurement for GMDST was assessed each time when GMD was
measured. A significant time (day) by treatment interaction (P < 0.005) influenced
GMDST during the 84-d feeding period. From d 0 to d 28, GMDST increased for both
the HF and LF groups, while the CON group had a numerical decrease (Figure 4.14). On
d 28 and d 56, the HF and LF groups did differ (P < 0.01) from the CON group in
GMDST, with the CON group having the lowest GMDST. At the end of the study period
(d 84), GMDST did differ between the LF and CON groups (P < 0.05), and the HF group
tended to differ (P < 0.10) from the CON group; with the LF group having the greatest
GMDST and the CON group having the lowest GMDST. As observed in %IMF and
IMFST, GMD and GMDST also had an inverse relationship, with the CON group having
the greatest GMD while GMDST was the lowest. Similar observations were noted for the
LF group, which had the lowest GMDST while GMD was the greatest. Overall change in
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GMDST was different (P < 0.04) among treatment groups (Figure 4.15), with a GMDST
change from d 0 to d 84 of 0.91 ± 0.18, 1.51 ± 0.20, and 0.57 ± 0.11, for HF, LF and
CON groups, respectively (Figure 4.15).

Body Weight
Body weight was recorded each time when body composition traits were
measured. A significant time (day) by treatment interaction (P < 0.0001) influenced BW
during the 84-d feeding period. All groups had a linear increase in BW throughout the
feeding period (Figure 4.16). On d 0 the LF and HF group differed (P < 0.05) from the
CON group with respect to BW, with the CON group having the heaviest BW. On d 28,
56 and 84, a difference (P < 0.05) was found among treatment groups. Overall change in
BW was also different (P < 0.0001) among treatment groups, with a BW change from d 0
to d 84 of 75.24 ± 2.44 kg, 53.59 ± 2.78 kg, and 102.12 ± 3.25 kg, for the HF, LF and
CON groups, respectively (Figure 4.17).
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Figure 4.12. Mean GMD throughout the 84-day feeding period. Differences (P < 0.05)
were found from d 0 to d 84 between dietary fat treatment groups and the
CON group. The HF and LF groups did not differed (P = 0.10) during the
84-day feeding period. Time x TRT: P < 0.08.
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Figure 4.13. Mean GMD change at each measurement day. Differences (P < 0.01) were
observed between dietary fat treatment groups and the CON GROUP on
days 28, 56 and 84 of the study. GMD change (normalized; Day – d 0) a, b,
P < 0.01.
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Figure 4.14. Mean GMDST throughout the 84-d feeding period. Differences (P < 0.05)
were found between dietary fat treatment groups and the CON group on
d 28, d 56 and d 84. The HF and LF groups differed (P < 0.05) on d 84.
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Figure 4.15. Mean GMDST change at each measurement day. Differences (P < 0.04)
were observed on the first 28, 56 and 84 day of the study. GMDST change
(normalized; Day – d 0) a, b, P < 0.04.
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Body Condition Score
The subjective measurement for BCS was taken on d 0, 28, 56 and 84 for all
treatment groups (Figure 4.18). A significant time (day) by treatment interaction (P <
0.0001), influenced BCS during the 84-d feeding period. On d 0, LF and HF groups
differed (P < 0.05) from the CON group in BCS, with the CON group having the greatest
BCS. At the end of the study period (d 84), the CON group remained with the greatest
BCS and difference (P < 0.05) was found among treatment groups. Overall change for
BCS was different (P < 0.01) among treatment groups, with a BCS change from d 0 to d
84 of 0.27 ± 0.11, 0.89 ± 0.11, and 1.09 ± 0.13, for the HF, LF and CON groups,
respectively (Figure 4.19).

Progesterone
Blood samples for serum concentrations of P4 were taken on d 0, 28, 56 and 84
during the study period (Figure 4.20). A time (day) by treatment interaction (P < 0.06),
influenced P4 during the 84-d feeding period. On d 0, the LF and CON groups differed (P
< 0.05) from the HF group in serum concentrations of P4, with HF group having the
lowest serum concentrations of P4. In contrast on d 56, serum concentrations of P4 did not
differ (P = 0.10) among treatment groups. Overall change for serum concentrations of P4
before CIDR insertion (d 77), was not different (P = 0.10) among treatment groups, with
a P4 change from d 0 to d 56 of 0.55 ± 0.15 ng/ml, 0.45 ± 0.34 ng/ml, and –0.02 ± 0.42
ng/ml, for the HF, LF and CON groups, respectively. After d 56, serum concentration of
P4 linearly increased for all treatment groups, with the HF group significantly differing (P
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< 0.05) from LF and CON groups. The mutual increase in serum concentrations of P4 for
all treatment groups, with the HF group having the highest concentration might be
influenced by the use of CIDR device, which was inserted on d 77 and removed on d 84.

Cholesterol
The blood samples collected during the feeding period to assess serum
concentrations of P4 were also used to assess serum concentrations of CHL (Figure 4.21).
A time (day) by treatment interaction (P < 0.0001) influenced CHL during the 84-d
feeding period. Throughout the study period, the LF and CON groups differed (P < 0.05)
from the HF group in serum concentrations of CHL, with the HF group having the
highest concentrations from d 0 to d 84. Overall change for serum concentrations of CHL
was different (P < 0.05) among treatment groups, with a serum concentration of CHL
change from d 0 to d 84 of 46.92 ± 5.26 ng/dl, 28.35 ± 4.20 ng/dl, and 39.55 ± 4.78ng/dl,
for the HF, LF and CON groups, respectively.
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Figure 4.16. Mean BW throughout the 84-day feeding period. Differences (P < 0.05) were
found between dietary fat treatment groups and the CON group throughout
the 84-day study. The HF group differed (P < 0.05) from the LF group from
d 28 to d 84. Time x TRT: P< 0.0001.
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Figure 4.17. Mean BW change at each measurement day. Differences (P < 0.0001)
were observed on days 28, 56 and 84 of the study. BW change
(normalized; Day - d 0); a, b, c, P < 0.0001.
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Figure 4.18. Mean BCS throughout the 84-day feeding period. Differences (P < 0.05)
were found among treatment groups on d 28, and d 84. Dietary fat
treatment groups differed (P < 0.05) from CON group on d 56. Time x
TRT : P < 0.0001.
1.4

b

High Fat
1.1

b
Low Fat

0.8

MEAN
BCS

b

Control
0.5

a
a

0.2

a

aa

a
-0.1
-0.4

28

56
84
Study Period
Figure 4.19. Mean BCS change at each measurement day. Differences (P < 0.01) were
observed on days 56 and 84-d of the study. BCS change (normalized;
Day – d 0) a, b, P < 0.01.
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Figure 4.20. Mean P4 throughout the 84-day feeding period. Differences (P < 0.05) were
found between the HF and LF and CON groups on d 0. On d 28, the HF group
also differed (P < 0.05) from the CON group. The CIDR device influences
ascendant slope in P4 concentrations from d 56 to d 84. Time x TRT: P < 0.06.
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Figure 4.21. Mean CHL throughout the 84-day feeding period. Differences (P < 0.05) were
found between the HF, LF and CON groups from d 0 to d 84 of the study period.
Time x TRT: P < 0.0001.
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Cortisol
Blood samples for serum concentrations of COR were taken on d 0 and d 84.
Time (day) and treatment did not affect COR during the 84-d feeding period (Figure
4.22). There was no change in serum concentrations of COR (P = 0.10) among treatment
groups, with values from d 0 to d 84 of 0.52 ± 0.28 ug/dl, -0.13 ± 0.29 ug/dl, and 0.08 ±
0.29 ug/dl, for the HF, LF and CON groups, respectively. On d 0 and d 84, HF and LF
groups did differ (P < 0.05) from CON group in serum concentrations of COR, with
CON group having the highest serum concentrations of COR.
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Figure 4.22. Mean COR measured on d 0 and d 84 of the feeding period.
Differences (P < 0.05) were found between dietary fat treatment
groups and the CON group on d 0 and d 84. Time: P = 0.10; TRT: P
< 0.05.
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Reproductive Performance
Animals observed in estrus within group after CIDR removal on d 84 were 53, 35
and 43% for the HF, LF and CON groups, respectively, with no difference (P = 0.10)
among treatment groups (Figure 4.23). Reproductive tract scores were taken on d 77
when the CIDR was inserted, with no difference (P = 0.10) among treatment groups.
Pregnancy rate, detected 60-d after artificial insemination (AI), was 65, 75 and 72% for
the HF, LF and CON groups, with no difference (P = 0.10) among treatment groups
(Figure 4.24).
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Figure 4.23. Percentage of animals in estrus 72 h after CIDR removal within
treatment groups. No differences (P = 0.10) was found among
groups.
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Figure 4.24. Percentage pregnancy rate after 60 days following A.I. No
differences (P = 0.10) were found among treatment groups with
respect pregnancy rates.

Erytrocyte fragility
Blood samples for measurements of erythrocyte fragility were taken on d 0 and d
84. A time (day) by treatment interaction (P < 0.08), influenced the percentage of red
blood cells during the 84-d feeding period. In a 0.55 saline solution (NaCl) the HF and
LF groups on d 0 differed (P < 0.03) from the CON group, with the CON group having
the greatest percentage of hemolysis (Figure 4.25). In contrast, on d 84 LF and CON
groups were different (P < 0.03) from the HF group, with the HF group having the
greatest percentage of hemolysis. Moreover in a 0.65 saline solution, no difference (P =
0.10) was found among groups on d 0, although the CON group had the greatest
percentage of hemolysis (Figure 4.26). On d 84 percentage of hemolysis differed (P <
0.03) among treatment groups, with the LF group having a negative percentage of
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hemolysis noted. Overall change for percentage of hemolysis in a 0.55 saline solution
was different (P < 0.03) among treatment groups, with a percentage of hemolysis change
from d 0 to d 84 of 0.012 ± 0.016 %, -0.076 ± 0.043 %, and –0.083 ± 0.024 % for the HF,
LF and CON groups, respectively. In a 0.65 saline solution, overall change for percentage
of hemolysis was not different (P = 0.10) among treatment groups, with a percentage of
hemolysis change from d 0 to d 84 of 0.015 ± 0.010 %, -0.062 ± 0.046, and –0.022 ±
0.029 % for HF, LF and CON groups, respectively.

Relationship among study parameters
Correlations among REA, RBF, %IMF, IMFST, RF, GMD, GMDST, BCS, BW,
P4, COR and CHL are reported in Table 4.1. The relationship between REA and other
correlation variables such as %IMF, P4, COR and CHL, respectively, had a low
significant correlation (P < 0.003; see Table 4.1). Moreover, a moderate correlation (r =
0.52; P < 0.0001; r = 0.57; P < 0.0001; r = 0.61; P < 0.0001) was found between REA
and RBF, RF, and BCS, respectively. A stronger correlation (r = 0.84, P < 0.0001) was
found between REA and BW. Rib fat expressed a low correlation (P < 0.02; see Table
4.1) between %IMF, GMD, BCS, and COR, respectively. Also, RBF had a moderate
correlation (r = 0.53; P < 0.0001) between BW; and a moderate to high correlation (r =
0.72; P < 0.0001) between RF. Percentage IMF had a low correlation (P < 0.0001; see
Table 4.1) between RF, GMD, BCS, BW, and COR, respectively. A moderate to high
correlation (r = 0.76; P < 0.0001) was found between IMFST and GMDST scores. Rump
fat expressed a low but significant correlation (P < 0.002; see Table 4.1) between COR,
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and a moderate correlation (r = 0.58; P < 0.0001; r = 0.57; P < 0.0001; r = 0.66; P <
0.0001), between GMD, BCS and BW, respectively. For GMD a moderate correlation (r
= 0.55; P < 0.0001; r = 0.62; P < 0.0001) was found between BCS and BW, respectively.
A low correlation (P < 0.04; see table 4.1) was found between GMD and P4, COR,
respectively. Body condition score with respect to P4 and CHL had a low correlation (P <
0.01; see Table 4.1). In contrast, BCS with respect to BW had a moderate to high
correlation (r = 0.67; P < 0.0001). Low correlation (P < 0.0001; see Table 4.1) were also
found among the following: BW and P4, BW and CHL, respectively; and P4 and COR
plus P4 and as well as CHL, respectively.
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Figure 4.25. Erytrocyte fragility, measured as percentage of hemolysis, in a 0.55
saline solution (NaCl); a b c, P < 0.03 (TRT within day).
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Figure 4.26. Erytrocyte fragility, measured as percentage of hemolysis, in a 0.65
saline solution (NaCl); a b c, P < 0.03 (TRT within day).

Table 4.1. Pearson correlations were calculated among body composition and the physiological traits
as pooled across the 84-day study period. Fisher’s r to z transformations was used to
identify significant (P < 0.05) correlative trends among these traits.

Item
REA
(cm2)
RBF
(cm)
%IMF

REA
(cm2)

RBF
(cm)

%IMF

-----

0.52

0.30

-----

0.45

IMFST

-----

IMFST

-0.08
ns
-0.21
ns
-0.60
ns
-----

RF
(cm)
GMD
(cm)
GMDST

RF
(cm)

GMD
(cm)

0.63

0.57

0.72

0.45

0.48

0.35

-0.31
ns

-0.19
ns

-----

0.58

-----

GMDST

-0.14
ns
-0.27
ns
-0.61
ns
0.76

-0.36
ns
-0.21
ns
-----

ns = not significant (P < 0.05).
REA= ribeye area

RBF= rib fat

%IMF = percentage intramuscular fat

RF= rump fat

GMD= gluteus medius depth

IMFST= intramuscular fat stress

GMDST= gluteus medius depth stress
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Table 4.1.(continued)

Item
REA
(cm2)
RBF
(cm)
%IMF
IMFST
RF
(cm)
GMD
(cm)
GMDST
BCS

BCS

BW
(kg)

P4
(ng/ml)

COR
(ug/dl)

CHL
ng/ml)

0.61

0.84

0.20

0.23

0.13

0.44

0.53

0.28

0.32

-0.11
ns

-0.14
ns

0.57

0.66

0.55

0.62

0.09

0.19

-0.18
ns

-0.16
ns

-0.02
ns

-----

0.67

0.11

-0.21
ns
0.08
ns
-0.11
ns

BW
----(kg)
P4
(ng/ml)
COR
(ug/dl)
CHL
(ng/ml)
ns = not significant (P < 0.05).

0.07
ns
0.02
ns
-0.01
ns
0.07
ns

0.22

-----

0.20
0.33

-0.21
ns
0.22

0.15
0.25

0.21

0.17

-----

-0.13
ns
-----

BCS= body condition score

BW= body weight

P4= progesterone

COR= cortisol

CHL= cholesterol

0.08
ns
-0.01
ns
-0.03
ns
0.08
ns
0.08
ns
-0.03
ns

120

Discussion
The CON group had the greatest REA, RBF, %IMF, RF and GMD throughout the
84-d study period, as well as the greatest change (P < 0.05) in these traits in comparison
with the HF and LF groups. Geay and Robelin (1979) and Price et al. (1984) reported that
feeding different diets, even in cattle of similar physiological ages, could alter animal
fatness and development. Moreover Olson et al. (1992), evaluating growth and
reproductive performance of heifers overwintered on range or drylot environments for
two consecutives years, found that growth during the subsequent summer grazing was
greater in both years for range heifers, resulting in heavier weights compared with drylot
heifers. Regardless of changes in body composition traits throughout the 84-d study
period, all groups had a linear increase in BW, with the greatest increase for the CON
group, followed by the HF and LF groups. In this study, body composition traits such as
RBF, RF, and GMD when correlated with an animal’s body weight demonstrated a
moderate positive correlation, and even a stronger correlation was found with REA.
Hedrick et al. (1965), Abrahan et al. (1968) and Epley et al. (1970), as reported by
Greiner et al. (2003), found that REA is a better indicator of BW than percentage retail
product; this finding agrees with the present study where heifers from the CON group had
the largest REA and the heaviest BW among treatment groups. According to Felton and
Kerley (2004), in spite of the source, feeding additional fat in the diet did not alter final
BW, total weight gain, or average daily gain (ADG). The subjective measurement for
BCS, according to Pryce et al. (2001) and Reksen et al. (2002), is interconnected with
nutrient partitioning, reproductive function, and production parameters in body
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composition traits. In this study, BCS followed a similar trend as BW throughout the 84-d
study period, with the CON heifers having the greatest BCS, as well as the greatest BCS
change, over the feeding period. The greatest change in BCS (P < 0.01) occurred between
D56 and D84 for the LF and CON groups. A moderate to high correlation was found
between BW and BCS in this study. In addition, REA exhibited a positive moderate
correlation with BCS. These findings agree with Steiner (1987), which reported that REA
and BCS increased curvilinearly as puberty approaches. The relationship between REA
and GMD, which represents a good estimator of total muscling in the animal, had a
positive moderate correlation in the present study. Moreover, the relationship between
REA and fat depths such as RBF and RF had a positive correlation in the present study.
However, literature values also show that the relationship between these fat depths and
REA might vary from a positive correlation (Arnold et al., 1990; Lamb et al., 1990) to a
negative correlation (Lamb et al., 1990).
Differences (P < 0.0007) were found in REA between the CON group and dietary
fat treatment groups on d 0. A reasonable explanation for these findings is that at the
beginning of the study animals were stratified in their respective treatment group based
on characteristics such as breed type, age and sex, but not with respect to body
composition traits. Although BW on d 0 did differ (P < 0.05) between the CON group
and dietary treatment groups, the variation in BW among animals, which was reflected in
the difference in REA between groups at beginning of the study, seems to be influenced
by differences in weaning weights among calves. However, such variations might be the
result of milk production ability of the dam during the milking phase, post-weaning
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stress, and/or nutritional conditions after weaning. Similar differences were also observed
with respect to RBF, RF, %IMF and GMD measurements between the CON group and
those receiving dietary fat supplementation (HF + LF groups).
In the LF and HF groups, changes in REA, RBF, and GMD did not differ (P >
0.10) for the overall feeding period. This indicates that the amount of fat in the diets:
2.5% (LF) and 5% (HF) did not have a direct relationship to these traits. Otherwise, RF,
%IMF, BW and BCS did differ (P < 0.05) for the overall feeding period, inferring that
dietary fat directly affected these traits. These findings are also observed in a positive
moderate relationship between fat deposition (RF or RBF) and body composition
variables, such as BW and BCS. Moreover, RBF and RF in the present study exhibited a
strong positive relationship. Similar results were found by Robinson et al. (1993), who
reported that RBF and RF are highly correlated genetically. However, the results found in
the present study with respect to fat deposition were also observed by Hopper et al.
(1993), which reported that Angus heifers had a greater propensity to accumulate fat
stores during prepubertal development, and may, therefore, have greater fat stores for
maintenance and other physiological events such as attainment of puberty. Although,
each treatment group was pre-conditioned to their respective dietary treatments 14-d prior
to the beginning of the study; fat stores such as RBF, %IMF and RF in LF group had a
numerical decline in the first 28-d of the feeding period. A similar decline was also
observed for the HF group only with respect to RBF. Percentage IMF, between d 28 and
d 56, as pooled across treatment groups had a significant decrease (P < 0.0004) for all
treatment groups. After D56, RBF, %IMF, and RF had a linear increase for both HF and
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CON groups, while the LF group was declining. These variations in fat stores, as
indicated previously by Hopper et al. (1993), might be caused by some physiological
response, where fat is a precursor element. In the present study, IMFST and GMDST
were measured to represent some physiological response of the animal to stress when it
was predisposed to some environmental changes, dietary influence, or handling
management. Percentage IMF for the LF group declined (P < 0.05) throughout the study
period, and it was correlated with increased IMFST. In contrast, the HF and CON groups
had an increase in %IMF (P < 0.05) with no change (P = 0.10) in IMFST relative to the
overall feeding period. Therefore, correlation coefficients pooled across the 84-d feeding
period exhibited a negative relationship for IMFST and GMDST among all body
composition variables measured in this study, and a stronger positive relationship was
observed in the correlations between IMFST and GMDST. Kreikemeier et al. (1998) also
reported that the decrease in %IMF was positively correlated with increases in the
physical stress of the animal, such as when it is challenged during fights, intense
exercises, nutrition deficiency, or even some management practices. To help
metabolically explain the effects of a stress response, serum concentrations of COR were
measured on d 0 and d 84 of the feeding period. Cortisol, which is regulated by the action
of adrenocorticotrophic hormone (ACTH) and corticotrophin releasing factor (CRF) from
the hypothalamus, is responsible for several changes in an animal’s behaviour response,
which affects physiological and metabolic functions (Baulieu and Kelly, 1990). Within d,
even on d 0 and d 84 the CON group had the greatest (P < 0.0001) serum concentrations
of COR among treatment groups; however serum concentrations of COR did not differ (P
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= 0.10) over the entire 84-d feeding period. The fact that serum concentration of COR in
the animals did not differ might reflect that positive management practices such as
nutrition, handling or an environmental friendly adaptation occurred during the study
period. Although subjective scores for %IMFST and GMDST had an inverse relationship
with serum concentrations of COR, conflicting results are expected when comparing
subjective measurements with objective measurements. Gacula et al. (1971), reported that
statistical aspects of the correlation between objective and subjective measurements are
conflicting and have discouraging results with regards to the degree of their correlation.
Feeding systems that promote rapid animal growth, such as concentrates fed in a
drylot system, usually result in greater animal performance and higher body composition
traits than animals grazing (Schaake et al., 1993). In contrast, in the present study,
animals from the CON group had better growth and body composition performance than
animals in the drylot system. A reasonable explanation for these results, as mentioned
previously, was due to the variation (P < 0.05) found in some body composition variables
at the beginning of the study. However, it is important to emphasize that in the present
study animals in the drylot system were fed at ratio of 2% BW once per d to reach the
minimum required nutrients for growth and maintenance; unlike a traditional drylot
system where animals are fed grain-finishing diets. In addition, forage availability; lowdensity stoking rate and forage quality might have influenced the better performance of
the CON group. Experiments involving different stocking densities have consistently
demonstrated a positive relationship between herbage mass and animal performance
(Riewe et al., 1963; Hondgson et al., 1971; Hennessy and Robinson, 1979; Le Du et al.,
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1981, as reported by Lippke et al., 2000). Moreover, the high digestibility values and
protein concentration for ryegrass forage in conjunction with sufficient forage availability
might be reason to explain the better body composition performance of the CON group
when compared with the HF and LF groups in a drylot system.
While many studies have evaluated body composition traits and animal
performance in a drylot system, few studies have been focused on the reproductive
performance of heifers fed supplemental diets in a drylot system. According to Olson et
al. (1992) drylot use allows intensive nutritional management to insure proper growth and
development for successful breeding in the short term. In the present study, dietary fat
treatment groups exhibited a greater proportion (P < 0.01) of heifers cycling during the
84-d feeding period. Based upon visual estrus detection performed twice per d, early in
the morning and late afternoon, heifers in HF and LF groups were cycling 51.5 and
45.7%, respectively, compare to the CON group (14.3%). These results agree with
Lammoglia et al. (2000) in which heifers fed safflower seeds with 4.4% dietary fat had a
tendency to have a greater percentage of heifers reaching puberty at the beginning of the
breeding season than heifers fed no added dietary fat. Moreover, according to Coppock
and Wilks (1991), fat supplementation might influence reproductive performance by
altering ovarian follicular activity and circulatory hormone concentrations; such as
cholesterol availability and serum concentrations of progesterone. Similar results were
observed in the present study with HF group having the greatest (P < 0.05) serum
concentrations of CHL throughout the 84-d feeding period. Although, since CHL is an
obligatory precursor of P4, in the present study serum concentrations of CHL exhibited an
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inverse trend with serum concentrations of P4 from d 0 to d 56. The ascendant slope in P4
levels between d 56 and d 84 is likely due to CIDR insertion, which was inserted on d 77
and removed on d 84. Seventy-two hours after CIDR removal animals cycling within
treatment groups did not differ (P = 0.10) among treatments. Although the HF group had
a numerically greatest percentage (53%) of heifers cycling compared to the LF (35%) and
CON (43%) groups. Leaflet (2001), studying the relationship between body composition
traits and reproduction in replacement beef heifers, observed that heifers that were
cycling at approximately one year of age tended to have larger ribeyes at breeding time
(P < 0.01), and this was positively correlated with BW. In contrast, in the present study,
body composition traits did not affect (P = 0.10) reproductive performance in fat
supplemented heifers. Pregnancy rates following AI for LF, CON and HF groups were
75, 72 and 65%, respectively, and did not differ (P = 0.10) among treatment groups.
Similar results were observed by Funston et al. (2002) feeding 1 kg of sunflower seeds
with 6 to 7% total dietary fat daily for either 30 or 60 d before AI did not improve estrous
response, conception, or pregnancy rate in beef heifers. Also Encinias et al. (2001)
reported that supplementing mature crossbreed cows with sunflower seeds with 2.5 vs
5% fat in the diet did not affect (P = 0.10) pregnancy rate. Reproductive tract score,
measured on D77 when CIDR was inserted, did not differ (P = 0.10) among treatment
groups. These findings reflect that there were no different of animals cycling after CIDR
removal on D84 as well as pregnancy rates 60-d after AI. with respect to dietary fat
supplementation.
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Cottonseed meal is a popular protein supplement for both beef and dairy cattle;
however, several authors have reported detrimental effects on various physiological and
reproductive processes in cattle due to a higher free gossypol content of some processed
cottonseed meal (Kerr, 1989; Morgan, 1989; Randel et al., 1992; Chase et al., 1994, as
reported by Willard et al., 1995). In the present study, blood samples collected on d 0 and
d 84 from animals fed the HF diet, which contained 66.6% cottonseed by product, were
measured for gossypol toxicity based on the percentage of red cell hemolysis (as
described by Nelson, 1979). No detrimental effects were found (P = 0.10) on
reproductive performance for animals fed Fuzzpellet diet compared with animals not fed
the Fuzzpellet diet. Similar results were reported by Gray et al. (1993) feeding
postpubertal beef heifers for 62-d with dietary free gossypol. Using the 0.65% standard
for erythrocyte fragility indicated no significant hemolysis (P = 0.10) over the 84-d
feeding period between animals not fed cottonseed in the diets and the HF group.

Implications
Feeding replacement beef heifers in a drylot system reduces costs for grazing, yet
intensive feeding management is required. Feeding dietary fat supplements in a drylot
system compared to a ryegrass pasture system did not alter reproductive efficiency in
terms of overall pregnancy rates, however heifers grazing lush ryegrass with a low
density stocking rate outperformed supplemented heifers in growth and body composition
traits.
Regarding the dietary fat treatments, the HF group had a positive change in
%IMF, RF and RBF when compared to heifers in the LF group. These finding may be
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relevant to consider when using fat ingredients in the diet of animals fed in drylot. Due to
daily feeding bunk management, heifers in drylot system, exhibited a positive disposition
behavior than CON group. This finding might reflect that animals became accustomed to
repeated non-aversive contact with people, routinely handling procedures and as a
consequence lower serum concentrations of COR were found in both groups. Subjective
scores when statistically compared with objective measurements might incur conflicting
results. More studies are needed to examine the effects of different supplemental diets on
growth and reproductive performance of replacement beef heifers in a drylot system.
Finally, the use of dietary supplements in a ryegrass pasture system provides a potential
increase for stocking rate, animal performance and as a consequence more return on
investment for livestock producers.

CHAPTER V
GROWTH, ENDOCRINE STATUS AND REPRODUCTIVE
PERFORMANCE OF BEEF HEIFERS
SUPPLEMENTED WITH DIETARY
FAT ON RYEGRASS
PASTURES

Introduction
Supplemental sources, feeding frequencies, physical form and amount are always
important considerations when a supplementation program is formulated for grazing
animals. Adams (1985) postulated that disruption of normal grazing activity resulting
from supplementation regimes could adversely affect forage intake and animal
performance. Krysl and Hess (1993) reviewed data evaluating supplementation on
grazing time, and concluded that increasing the level of supplemental grain (starch)
decreased the amount of time spent grazing. The same was found by Horn and McCollum
(1987) and Paterson et al. (1994), who reported that energy supplementation reduced
grazed forage intake in ruminants. As a consequence of decreased forage intake, forage
quality might be indirectly compromised due to the physiological maturation of the plant,
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which results in a low correlation between forage quality and animal response. According
to Caton and Dhuyvetter (1997), stated that a supplementation programs for domestic
ruminants are a major factor to consider when making management decisions, and energy
requirements of grazing livestock seem to be poorly defined. However, the energy
required for growth and metabolic functions increase during an animal’s development.
Supplemental diets are needed when pasture growth is insufficient to meet livestock
requirements or when the greatest animal performance is the goal. Sources of
supplemental fat in the diet reflect variations on growth and carcass fat composition in
ruminants (Alao and Balnave, 1984). These responses are mainly caused due to the
different origins of fat and the degree of saturation. Felton and Kerley (2004) increased
dietary fat through the use of whole oilseeds and found that it affected overall carcass
composition, with respect to marbling score. In addition, supplementation with dietary fat
may hasten puberty and stimulate reproductive function by enhancing metabolic hormone
secretion in beef cattle. Many studies using fat supplementation have shown that dietary
fat increases circulating progesterone concentrations, serum and follicular fluid
cholesterol concentrations, and the area occupied by lipids in small and large luteal cells
(Talavera et al., 1985; Williams, 1989a; Hightshoe et al., 1991; Wehrman et al., 1991;
Ryan et al., 1992; Hawkins et al., 1995 as reported by Lammoglia et al., 1996). Because
cholesterol seems to be the component responsible for increased progesterone synthesis,
increasing cholesterol availability may have positive effects on reproductive performance
since cholesterol availability, not enzymatic activity, is the limiting factor in conversion
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of cholesterol to pregnenolone, which is the pathway towards progesterone synthesis
(Henderson et al., 1981 as reported by Whitney et al., 2000). According to Staples et al.
(1998), the increased concentrations of plasma progesterone have been associated with
improved conception rates of lactating ruminants.
Lipids are considered an optional supplement to be used to increase energy
density of the diet and avoid negative effects related to reproductive function (Coppock
and Wilks, 1991). Cows supplemented with dietary fat had increased number and size of
large follicles (Lucy et al., 1991), increased luteal activity (Wehrman et al., 1991),
prolonged lifespan of induced CL (Williams, 1989a), increased serum progesterone
concentrations after the first postpartum ovulation (Hightshoe et al., 1991), and increased
pregnancy rates (Bellows et al., 1999). Therefore, fat supplementation might influence
reproductive performance by influencing follicular activities and circulating hormone
concentrations. However, Hawkins et al. (1995) reported that elevated serum
progesterone concentrations in cows supplemented with fats resulted from a decrease in
progesterone clearance rate from the circulatory system rather than from an increase in
progesterone secretion by the CL.
Another concern about the use of dietary fats in affecting reproductive
performance is the length of the feeding period which animals are exposed. Studies have
shown positive effects of relatively short-term feeding (approximately 8 wk) of
supplemental dietary fat to dams on cold tolerance of newborn calves, and increase heat
production in newborn calves could potentially increase calf survival (Lammoglia et al.,
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1999a; b), ovarian follicular populations (Lucy et al., 1991; De Fries et al., 1998), and
pregnancy rates (Grummer and Carrol, 1991; De Fries et al., 1998; Bellows et al., 1999).
Similar results were found by Lammoglia et al. (2000), which reported that a 162 d fatfeeding period may have been excessively long, leading to a dietary fat-reproduction
antagonism, and that a feeding period of approximately 60 d before the beginning of the
breeding season may be more suitable.
The objective of this study was to evaluate the effects of different sources of fat
supplementation on endocrine status and its relationship with growth, and body
composition traits in yearling beef heifers grazing ryegrass (Lolium multiflorum L.)
pastures.

Materials and Methods

Animal feeding, handling and sampling
This study was conducted at the Brown Loam Branch Experiment Station
(Raymond, MS) in Spring 2005. Forty-two crossbred beef heifers were assigned to this
experiment. Age of the heifers at the onset of the experiment was between 11 and 13
months of age, with an average weight of 264 ± 9 kg. Animals were stratified into three
treatment groups as follows: Group 1: High fat diet (HF) with 14 animals; Group 2: Low
fat diet (LF) with 14 animals; and Group 3: Control diet (CON) with 14 animals. Animals
were housed by treatment group in separate paddocks with ad libitum access to annual
ryegrass pasture, bermudagrass hay [Cynodon dactylon (L.) Pers.], water and loose
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mineral. Heifers from the HF group were fed at a rate of 0.8-kg/hd /d once daily with
-1

-1

Fuzzpellet cottonseed (Buckeye Technology Inc., Memphis, TN), and the LF was fed
at ad libitum with flaxseed (FlaxLic, Animal Feed Supplement, Inc., Roanoke Avenue,
Poteau, OK 74953). Dietary fat concentration for the HF and LF groups, were 3.0% and
1.5% DM, respectively. Animals were fed daily throughout the 84-d study period.
Fourteen days prior to the beginning of the study animals were preconditioned to their
respective dietary treatment.
Measurements with respect to animal growth and development were taken using
real time ultrasound conducted with an Aloka SSD 500V ultrasound machine equipped
with a 3.5-MHz, 172-mm transducer (Aloka Co. Ltd., Wallingford, CT). Body
composition measurements by ultrasonography were taken on d 0, 21, 42, 63 and 84 for
the following traits: ribeye area (REA; longissimus muscle area) which represents the
cross-sectional area of the longissimus muscle at the points between the 12th and 13th rib,
rib fat (RBF) which is the subcutaneous fat between the 12th and 13th rib over the
longissimus dorsi muscle, percentage intramuscular fat (%IMF) which is an estimator of
the degree of marbling or intramuscular fat in the longissimus dorsi muscle, measured in
the longitudinal image of the longissimus muscle directly over the 11th, 12th and 13th ribs,
rump fat (RF) which is an additional estimator of total carcass fat, and gluteus medius
depth (GMD) which aids in prediction of percentage retail product of the carcass. Both
RF and GMD were measured over the rump between the hooks and the pins. The Beef
Image Analysis (BIA) software from Designer Genes Technologies (Harrison, AR),
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determines values of % IMF, REA, and RBF. In addition, a subjective measurement on
marbling loss, which indicates the percentage of intramuscular fat lost in the %IMF and
GMD images, was assessed based on visual appraisal (0 to 3; being 0 = zero % loss, 1 =
10 to 25% loss, 2 = 25 to 50% loss and 3 = greater than 50% loss). The percentage of
intramuscular fat lost in these traits was based on the non-reflection of sound waves
appearing with respect to intramuscular fat content in %IMF and GMD images. The
aforementioned measurements were also referred to as %IMF stress-score (IMFST) and
GMD stress-score (GMDST), using the scale interpreted as: 0 = no stress, 1 = slight
stress, 2 = moderate stress, and 3 = intensive stress. Disposition scores (Grandin, 1993),
which reflect an animal’s behavior when handled, were measured (score scale of 1 to 5,
with 1 = calm to 5 = nervous and agitated) on d 77. At each scanning d, heifers were
weighed and given a body condition score (BCS; Thompson et al., 1983) using a scale of
1 = emaciated to 9 = obese. Blood samples were collected via jugular venipuncture
following ultrasound measurements. Samples were collected using Vacutainer (plain
serum tubes 11 ml; Franklin Lakes, NJ, USA) tubes to obtain serum. Samples were
centrifuged (2000×g) on the d of collection and stored at -20°C until analysis of serum
concentrations of progesterone (P4; Diagnostic Systems Laboratories, Inc, Webster, TX),
and serum concentrations of cortisol (COR; COAT-A-COUNT, Diagnostic Products
Corporation, Los Angeles, CA) by radioimmunoassay (RIA). Serum concentrations of
Cholesterol (CHL) were determined using colorimetric assays (Infinity  Cholesterol
Reagent – Procedure N° 41; Sigma Diagnostics, St. Louis, MO). In addition, at the
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beginning and at the end of the study, erythrocyte fragility was assessed as a measure of
any gossypol toxicity in the diet of animals fed HF diet (AOCS, 1998; Pope Testing
Laboratory, Dallas, TX) using spectrophotometry (Nelson, 1979). Intra-assay and interassay coefficients of variation for P4, cortisol and cholesterol were 4.30 and 5.25%; 3.56
and 4.38 %; and 4.00 and 5.35%, respectively. The range of sensitivity of the modified
P4 RIA was 0.075 to 60 ng/ml, and has been previously validated in our laboratory
(Gandy et al., 2001; see Appendix A). The range of sensitivity of cortisol was 0.25 to 50
µg/dL (see Appendix B) and cholesterol was 10 mg/dL to 270 mg/dL (See Appendix C).

A 0.65% level of hemolysis in erythrocyte fragility measurement was chosen as the
critical point in this study (Nelson, 1979; see Appendix D).
To evaluate pasture production herbage mass was determined at the start of the
grazing period and every 14-d (but pooled for monthly periods) using a double-sampling
technique (Burns et al., 1989), and herbage accumulation was estimated every 28 d using
enclosure cages.

Measurements of Reproduction
On d 77, heifers were assigned a reproductive tract score (RTS) as determined by
rectal palpation and ultrasound examination. Tract scores were recorded on a scale of 1 to
5 where 1 = no palpable follicle, immature (< 20 mm diameter, no tone) uterine horns,
and 5 = corpus luteum present (> 10 mm follicles), uterine and horns with > 30 mm
follicle diameter (Andersen et al., 1991). On d 77, a controlled internal drug release
device (EAZI BREED CIDR Pfizer Animal Health, New York, NY) was inserted
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intravaginally to synchronize the estrous cycle. Seven days after CIDR insertion, the
CIDR was removed and animals were administered an IM injection of prostaglandin
(PGF2α; Pfizer Animal Health, New York, NY). Visual heat detection was observed, and
animals were artificially inseminated (AI) upon visual heat detection. Animals that were
not observed in estrus were fixed time AI (TAI) 72 h after CIDR removal. Rectal
palpation for pregnancy was performed 60 d after AI.

Statistical Methods
Statistical analysis was performed using ANOVA to ascertain treatment group
(HF, LF and CON) and time (day) influences on study parameters which included: REA,
%IMF, RBF, RF, GMD, BW, BCS, %IMFST, GMDST, and serum concentrations of P4,
CHL and COR. For mean separation of body composition traits, unpaired Student’s ttests were employed and the data expressed throughout as the mean ± SEM. Pearson
correlation coefficients were calculated among body composition traits as pooled over the
entire study period (d 0 – d 84) within treatment group (HF, LF and CON), and Fisher’s r
to z transformations utilized to identify significant (P < 0.05) correlative trends among
these traits. Chi-Square analysis was performed to test the proportion of pregnant versus
non-pregnant heifers with respect to treatment groups. Level of significance was stated as
P < 0.05. All statistical analysis was performed using the Proc Mixed procedure of the

Statview software of the SAS institute, Inc. (Statview, 2003).
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Results

Body Composition Traits

Ribeye area
Measurements for REA were conducted at 21-d intervals throughout the 84-d
study period for HF, LF and CON treatments. Time (day) caused an effect (P < 0.0001)
on REA; however, there was no difference among treatment groups (P = 0.10). Similar
results were found with respect to REA change with time (P > 0.10) with a change in
REA from d 0 to d 84 of 12.0 ± 1.65 cm2, 11.1 ± 2.24 cm2 and 12.20 ± 1.65 cm2, for the
HF, LF and CON groups, respectively. During the first 21-d of the feeding period, change
in REA tended to be different (P = 0.06) between HF and CON groups (Figure 5.3). No
difference (P = 0.10) was found in REA change after the first 21 d of the feeding period.
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Animals Detected
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D 147

Pregnancy
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* Measurements: REA, %IMF, RBF, RF, GMD, IMFST, GMDST, BW, BCS and Blood Sample.

Figure 5.1. Timeline for the study (Spring 2005).
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Figure 5.2. Mean ribeye area (REA) throughout the 84-day feeding period. Only on d
21 REA tended (P < 0.10) to be different between the LF and CON groups.
Time P < 0.0001; TRT P = 0.10.
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Figure 5.3. Mean ribeye area (REA) change at each measurement day. Differences (P
< 0.06) for mean REA were observed among groups only in the first 21day of the feeding period. REA change normalized; Day – d 0; a b, P <
0.06 (TRT within day).
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Rib Fat
Throughout the 84-d feeding period, time (day) had an effect (P < 0.0001) on
RBF deposition; however there was no effect (P = 0.10) of treatment (Figure 5.4).
Overall changes in RBF were not different (P = 0.10) among treatment groups (Figure
5.5), with a change in RBF from d 0 to d 84 of 0.55 ± 0.05 cm, 0.43 ± 0.06 cm, and 0.46
± 0.04 cm, for HF, LF and CON groups, respectively. No difference (P = 0.10) was

observed on RBF changes within day.

Percentage Intramuscular Fat
There was an interaction (P < 0.017) between time (day) and treatment for
percentage intramuscular fat during the 84-d feeding period. On d 21, 42 and 84 of the
feeding period the HF group did differ (P < 0.05) in %IMF from the CON group (Figure
5.6). Overall change for %IMF was different (P < 0.01) among treatment groups, with a
change in %IMF from 0.71 ± 0.13%, 0.55 ± 0.17% and 0.22 ± 0.12% for HF, LF and
CON groups, respectively. Differences were observed for %IMF change between the HF
and CON groups within d and throughout the feeding period (P < 0.001). In contrast the
LF and CON groups did not differ (P =0.10) with respect to %IMF change within d
(Figure 5.7). Low fat and HF groups did differ (P < 0.001) in %IMF only in the first 42 d
of the feeding period.
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Figure 5.4. Mean rib fat (RBF) throughout the 84-day feeding period. No differences (P =
0.10) were found among treatment groups during the 84-day study period.
Time: P < 0.0001; TRT: P = 0.10.
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Figure 5.5. Mean rib fat (RBF) change at each measurement day. No differences (P =
0.10) were observed among treatment groups within day. RBF change
(normalized; Day – d 0 a, P = 0.10 (TRT within day).
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Intramuscular Fat Stress Score
The subjective measurement for IMFST was assessed by visual appraisal each
time %IMF was measured. Time (day) affected (P < 0.0001) IMFST during the 84-d
study period, but no effect was found for treatment (P = 0.10). On d 0 and d 84 of the
study period, the HF and CON groups differed (P < 0.05) in IMFST from the LF group
(Figure 5.8). Overall change in IMFST did not differ (P = 0.10) among treatment groups,
with a change in IMFST from d 0 to d 84 of -0.07 ± 0.07, -0.21 ± 0.11, and -0.21 ± 0.11
for the HF, LF and CON groups, respectively. On d 63, IMFST change was different (P <
0.05) between the CON/HF groups and the LF group (Figure 5.9). Over time, IMFST
exhibited an inverse correlation with respect to %IMF, with the CON group exhibiting a
decrease in %IMF following an increase in IMFST. The LF group had the same trend line
as the CON group; however the numerical decrease in IMFST resulted in a numerical
increase in %IMF. In contrast, the increase in IMFST followed the increase in %IMF
observed in the HF group, which is somewhat contrary result, which was found in the
present study.
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Figure 5.6. Mean percentage intramuscular fat (%IMF) throughout the 84-day feeding
period. Differences (P < 0.05) in %IMF were observed on d 21 and d 42
between the HF and CON groups. Time x TRT: P < 0. 017.
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Figure 5.7. Mean percentage intramuscular fat (%IMF) change at each measurement day.
Differences (P < 0. 017) were observed among treatment groups in the first
21, 42, 63 day as reflected in the 84-day change of the study. Percentage IMF
change (normalized; Day – d 0) a b, P < 0.001 (TRT within day).
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Figure 5.8. Mean intramuscular fat stress (IMFST) throughout the 84-day feeding
period. Differences (P < 0.05) were found on d 0 and d 42 between the HF
and CON / LF groups. Time: P = 0.10; TRT: P = 0.10.
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Figure 5.9. Mean intramuscular fat stress (IMFST) change at each measurement day.
Differences (P < 0.07) were observed among groups in the first 63-day of the
study. (IMFST change, normalized; Day – d 0) a b, P < 0.07.
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Rump Fat
Time (day) increased (P < 0.05) RF deposition during the 84-d feeding period, but
no difference (P = 0.10) was found among treatments. Overall change in RF deposition
was also not different (P = 0.10) among treatment groups, with a change in RF from d 0
to d 84 of 1.43 ± 0.14 cm, 1.13 ± 0.12 cm, and 1.25 ± 0.13 cm, for the HF, LF and CON
groups, respectively.

Gluteus Medius Depth
Time (day) affected (P < 0.05) GMD during the 84-d feeding period, but no effect
(P = 0.10) was observed among treatment groups. Throughout the 84-d feeding period,
GMD had a linear increase for both the HF and LF groups; however, a numerically
decrease was observed for the CON group after d 63 (Figure 5.12). Overall change in
GMD did not differ (P = 0.10) among treatment groups, with a change in GMD from d 0
to d 84 of 3.1 ± 0.41 cm, 2.4 ± 0.34cm, and 2.5 ± 0.31 cm, for the HF, LF and CON
groups, respectively. Gluteus medius depth change also did not differ (P = 0.10) within
day among treatment groups (Figure 5.13)
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Figure 5.10. Mean rump fat (RF) throughout the 84-day feeding period. No
differences (P = 0.10) were observed among treatment groups.
Time: P < 0.0001; TRT: P = 0.10.
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Figure 5.11. Mean rum fat (RF) change at each measurement day. No differences
(P = 0.10) were observed among treatment groups in the first 21, 42,
63 and 84-day study. Rump fat change (normalized; Day – d 0) a, P =
0.10 (TRT within day).
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Gluteus Medius Depth Stress
The subjective measurement for GMDST was assessed by visual appraisal each
time GMD was measured. Time (day) affected (P < 0.05) GMDST during the 84-d
feeding period, but no effect (P = 0.10) was observed with respect to treatment. During
the first 21-d of the feeding period, the HF group was the only group to have a numerical
increase in GMDST. As pooled across treatment groups, values for GMDST had a
significant decline (P < 0.0001) throughout the feeding period; with the LF group having
the lowest GMDST and the CON group the highest (Figure 5.14). Differences (P < 0.05)
in GMDST were observed on d 84 between the HF and LF / CON groups. Overall change
in GMDST was not different (P = 0.10) among treatment groups, with a change in
GMDST from d 0 to d 84 of -0.93 ± 0.27, -0.86 ± 0.25, and -0.50 ± 0.23, for the HF, LF
and CON groups, respectively. Gluteus medius depth stress change did not differ (P =
0.10) among treatment groups within d (Figure 5.15). Over time, GMDST exhibited an
inverse relationship with respect to GMD, with the CON group exhibiting a decrease in
GMD following an increase in GMDST. The HF group, which was considered to have
the intermediate value in GMDST among treatment groups, exhibited the greatest GMD.
In contrast, the decrease in GMDST followed the decrease in GMD observed in the LF
group, which is a somewhat contrary result, which was found in the present study.
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Figure 5.12. Mean gluteus medius depth (GMD) throughout the 84-day feeding period.
No differences (P = 0.10) were observed among treatment groups. Time:
P < 0.0001; TRT: P = 0.10.
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Figure 5.13. Mean gluteus medius depth (GMD) change at each measurement day. No
differences (P = 0.10) were observed among treatment groups within day.
Gluteus medius depth change (normalized; Day – d 0) a, P = 0.10 (TRT
within day).
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Figure 5.14. Mean gluteus medius depth stress (GMDST) throughout the 84-day feeding
period. Differences (P < 0.05) were found between the HF group and the
CON / LF groups on d 84. Time: P = 0.10; TRT: P = 0.10.
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Figure 5.15. Mean gluteus medius depth stress (GMDST) change at each measurement
day. No differences (P = 0.10) were observed within day throughout the
84-day feeding. GMDST change (normalized; Day – d 0) a, P = 0.10.
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Body Weight
Body weight was recorded every time when body composition traits were
measured. There was a time x treatment interaction (P < 0.0003) on BW during the 84-d
feeding period. All treatment groups had a linear increase in BW throughout the feeding
period, with no difference (P = 0.10) among groups (Figure 5.16). Overall change in BW
was not different (P = 0.10) among treatment groups, with a change in BW from d 0 to d
84 of 110.41 ± 3.31 kg, 108.47 ± 5.00 kg, and 114.46 ± 3.88 kg, for the HF, LF and CON
groups, respectively. During the first 21 d of the feeding period BW change differed (P <
0.032) between the LF and CON groups, and during the first 42 d the CON and LF
groups differed (P < 0.05) from the HF group (Figure 5.17).

Body Condition Score
Evaluation for BCS was taken each time animals were measured for BW. A time
x treatment interaction with treatment (P < 0.05) affected BCS during the 84-d feeding
period. A linear increase in BCS was observed from d 0 to d 63 for all treatment groups;
however after d 63 a slight decrease was observed in the HF group (Figure 5.18). Overall,
the subjective measurement of BCS agrees with the objective measurement in BW, with
the CON group having the highest BCS and the heaviest BW. Overall change in BCS was
not different (P = 0.10) among treatment groups, with a change in BCS from d 0 to d 84
of 2.43 ± 0.17, 2.43 ± 0.17, and 2.57 ± 0.14, for the HF, LF and CON groups,
respectively. During the first 42 d of the feeding period, BCS change differed (P < 0.027)
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between dietary fat treatment groups (HF and LF) and the CON group. In addition during
the first 42 d of the feeding period, the CON group differed (P < 0.027) from the HF
group (Figure 5.19).

Progesterone
Blood samples for serum concentrations of P4 were taken on d 0, 21, 42, 63 and
84 during the study period (Figure 5.20). A time (day) x treatment interaction (P < 0.05),
influenced the increase of serum concentrations of P4 during the feeding period. Pooled
across treatment groups, serum concentrations of P4 declined (P < 0.0001) from d 0 to d
21, followed by a tendency to increase (P = 0.07) from d 21 to d 42.The HF group had a
trend for a decline (P = 0.07) in serum concentrations of P4 after d 42, but not the CON
and LF groups. The mutual increase in serum concentrations of P4 from d 63 to d 84 for
all treatment groups, with the CON group having the greatest serum concentration of P4,
was likely influenced by the use of the CIDR device which was inserted on d 77 and
removed on d 84. Differences (P < 0.05) in serum concentrations of P4 between treatment
groups were observed for the HF and CON groups on day 63 and 84. The LF and HF
groups exhibited a tendency (P < 0.09) to differ in serum concentrations of P4 on d 63.
Overall change for serum concentrations of P4 before CIDR insertion (d 77) was not
different (P = 0.10) among treatment groups, with a change in serum concentrations of P4
from d 0 to d 63 of -1.29 ± 0.45 ng/ml, 0.03 ± 0.42 ng/ml, and 0.05 ± 0.69 ng/ml, for the
HF, LF and CON groups, respectively.

152

Cholesterol
The blood samples collected during the 84-d feeding period to assess serum
concentrations of P4 were also used to assess serum concentrations of CHL. A time (day)
x treatment interaction (P < 0.05) influencing serum concentrations of CHL during the
feeding period. From d 0 to d 63 of the feeding period, values for serum concentrations of
CHL increased (P < 0.0001) for all groups (Figure 5.21). After d 63, all treatment groups
exhibited a decline in serum concentrations of CHL (P < 0.0001), with the LF group
having the lowest serum concentration of CHL. Differences in serum concentrations of
CHL (P < 0.05) among treatment groups were observed on d 63 and d 84 of the feeding
period between the HF and LF groups and the CON group. In addition, on d 42, serum
concentrations of CHL were different (P < 0.05) between the HF and CON groups.
Overall change in serum concentrations of CHL was different (P < 0.05) among
treatment groups, with a change in serum concentration of CHL from d 0 to d 84 of 64.05
± 11.97 ng/dl, 24.01 ± 14.11 ng/dl, and 27.13 ± 9.90 ng/dl, for the HF, LF and CON

groups, respectively.
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Figure 5.16. Mean body condition score (BCS) throughout the 84-day feeding period.
Differences (P < 0.05) were observed between HF and CON groups on d 42,
d 63 and d 84 of the study period. Time x TRT: P < 0.0007.
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Figure 5.17. Mean body condition score (BCS) change at each measurement day.
Differences (P < 0.05) among treatment groups were observed in the first 42
and 63 days of the study period. BCS change (normalized; Day – d 0) a b, P
< 0.027 (TRT within day).
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Figure 5.18. Mean body weight (BW) throughout the 84-day study period. Differences
were not observed (P = 0.10) among treatment groups during the study
period. Time x TRT: P < 0.0003.
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Figure 5.19. Mean body weight (BW) change at each measurement day. Differences
(P < 0.05) were observed among treatment groups in the first 21 and
42 days of the feeding period. BW change (normalized; Day – d 0) a b,
P < 0.032 (TRT within day).
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Figure 5.20. Mean serum concentrations of progesterone (P4) throughout the 84-d feeding
period. Differences (P < 0.05) were observed between the HF group and LF /
CON groups on d 63. On d 84 the HF group differed (P < 0.05) from the
CON group. The CIDR device influenced ascendant slope in P4
concentrations from d 63 to d 84. Time x TRT: P < 0.03.
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Figure 5.21. Mean serum concentrations of cholesterol (CHL) throughout the 84-d feeding
period. Differences (P < 0.05) were observed between the HF and CON
groups on d 42, d 63 and d 84 of the study period. Time x TRT: P < 0.003.
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Cortisol
Blood samples for serum concentrations of COR were taken on d 0 and d 84 of
the study period. Time (day) affected (P < 0.001) serum concentrations of COR, but no
effect (P = 0.10) was found for treatment (Figure 5.22). Overall change in serum
concentrations of COR was not different (P = 0.10) among treatment groups, with a
serum concentration of COR change from d 0 to d 84 of -1.36 ± 0.50 ug/dl, -1.20 ± 0.55
ug/dl, and -0.35 ± 0.45 ug/dl, for the HF, LF and CON groups, respectively. On d 84, the
CON group differed (P < 0.05) from the HF group in serum concentrations of COR.
In addition, on d 77 disposition measurements used to evaluate short-term stress
induced by handling procedures and predict changes in physiological measures of stress
such as serum concentrations of COR did not differ (P = 0.10) among treatment groups.

Reproductive Performance
Animals observed in estrus within group after CIDR removal on d 84 were 35.7,
28.5 and 35.7% for HF, LF and CON groups, respectively, with a difference (P < 0.0001)
among treatment groups (Figure 5.23). Reproductive tract scores taken on d 77 when the
CIDR was inserted also had a difference (P < 0.03) among treatment groups, with CON
group having the greatest RTS compared to HF and LF groups. Pregnancy rate, detected
by rectal palpation 60-d after artificial insemination (AI) was 64.3, 50, and 14.3%, for the
CON, HF and LF groups, respectively, with the LF group having a lower (P < 0.025)
pregnancy rate than the HF and CON groups (Figure 5.24).
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Erytrocyte fragility
Blood samples for measurements of erytrocyte fragility were taken on d 0 and d
84 of the study period. Time (day) had a significant interaction with treatment (P <
0.0001) influencing the percentage of hemolysis during the 84-d feeding period. On d 0
the HF and LF groups differed (P < 0.04) from the CON group in the 0.55 saline test
solution (NaCl), with the CON group having the greatest percentage of hemolysis cell
(Figure 5.25). In contrast on d 84 the HF and CON groups were different (P < 0.03) than
the LF group, with the HF group having the greatest percentage of erythrocyte hemolysis.
Similar results were found in a 0.65 saline solution, where significant differences (P <
0.06) were found among groups on d 0, although the HF group had the greatest
percentage of hemolysis (Figure 5.26). On d 84, percentage of hemolysis tended to differ
(P < 0.06) among treatment groups, with the LF group having a negative percentage of
hemolysis. Overall change for percentage of hemolysis in a 0.55 saline solution was
different (P < 0.05) among treatment groups, with a change in hemolysis percentage from
d 0 to d 84 of 0.14 ± 0.047 %, 0.06 ± 0.029 %, and 0.02 ± 0.035 % for the HF, LF and
CON groups, respectively. In a 0.65 saline solution, overall change in percentage of
hemolysis was also different (P < 0. 01) among treatment groups, with a change in
percentage of hemolysis from d 0 to d 84 of -0.12 ± 0.043 %, -0.13 ± 0.026 %, and 0.005
± 0.028 % for HF, LF and CON groups, respectively.
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Herbage Mass and Crop Growth Rate
Herbage mass was similar (P = 0.10) between the CON and LF groups, but both
groups were lower (P < 0.002) than the HF group (Figure 5.27). Time (day) and
treatment differed (P < 0.05), affecting HM during the 84 study. Mean CGR did not
differ (P = 0.10) among treatment groups (Figure 5.28). Time (day) significantly affected
(P < 0.0001) CGR.

Nutritive value analysis of pastures
Crude protein (CP), acid detergent fiber (ADF) and neutral detergent fiber (NDF)
did not differ (P = 0.10) among treatment groups (Figure 5.29). Time (day) increased (P
< 0.05), the CP, ADF and NDF concentrations during the 84-d feeding period.
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Figure 5.22. Mean serum concentrations of cortisol (COR) measured on d 0 and
d 84 of the feeding period. Differences were not observed (P =
0.10) among treatment groups within day. Time: P < 0.001; TRT: P
= 0.10.
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Figure 5.23. Percentage of animals in estrus 72 h after CIDR removal within treatment
groups. Differences ( a b, P < 0.0001) were observed among treatment
groups.
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Figure 5.24. Percentage pregnancy rate after 60 days following A.I., did differ (a b,
P < 0.025) among treatment groups.
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Figure 5.25. Erytrocyte fragility, measured as percentage of hemolysis, in a 0.55 saline
solution (NaCl); a b, P < 0.04 (TRT within day).
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Figure 5.26. Erytrocyte fragility, measured as percentage of hemolysis, in a 0.65 saline
solution (NaCl); a b c, P < 0.02 (TRT within day).
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Figure 5.27. Mean herbage mass (HM) throughout the 84-day feeding
period. Differences (a b, P < 0.002) were observed among
treatment groups. Time: P < 0.0001; TRT: P < 0.0023.
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Figure 5.28. Mean crop growth rate (CGR) throughout the 84-day feeding
period. No differences were observed (a, P = 0.10) among
treatment groups. Time: P < 0.0001; TRT: P = 0.10.
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Figure 5.29. Average concentration of crude protein (CP), neutral detergent fiber
(NDF) and acid detergent fiber (ADF), based on 92% dry matter (DM)
throughout the 84-day feeding period. No differences were observed (a, P
= 0.10) among treatment groups. Time: P < 0.0001; TRT: P = 0.10.
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Relationship among study parameters
Correlations among REA, RBF, %IMF, IMFST, RF, GMD, GMDST, BCS, BW,
P4, COR and CHL are reported in Table 5.1. The relationship between REA and other
correlation variables, such as RBF, RF, P4, and CHL, respectively, had a low correlation
(P < 0.004). Moreover, a moderate correlation (r = 0.60; P < 0.0001; r = 0.62; P <
0.0001) was found between REA and GMD and BCS, respectively. A stronger
correlation (r = 0.80, P < 0.0001) was found between REA and BW. Rib fat expressed a
low correlation (P < 0.0009) between %IMF, RF, GMD, BCS, BW, P4 and CHL,
respectively. Percentage IMF had a low correlation (P < 0.01) between RF, GMD, BCS,
and CHL, respectively. A moderate to high correlation (r = 0.78; P < 0.0001) was found
between IMFST and GMDST scores, and a low correlation (r = 0.21; P < 0.05) was
found between IMFST and COR. Rump fat expressed a low correlation (P < 0.0001)
between GMD, BCS, BW and CHL. A moderate to high correlation was found between
the GMD and BCS (r = 0.72; P < 0.0001) and BW (r = 0.70; P < 0.0001), respectively. A
low correlation (P < 0.005) was found between GMD and P4, CHL, respectively. Gluteus
medius depth stress had a low correlation (P < 0.006) between COR. Body condition
score with respect to P4 and CHL had a low correlation (P < 0.01). In contrast, BCS with
respect to BW had a moderate to high correlation (r = 0.73; P < 0.0001). A low
correlation (P < 0.04) was also found among the following: BW and P4 and CHL,
respectively; and P4 and COR.

Table 5.1. Pearson correlations were calculated among body composition and the physiological traits
as pooled across the 84-day study period. Fisher’s r to z transformations were used to
identify significant (P < 0.001) correlative trends among these traits.
Item
REA
(cm2)
RBF
(cm)
%IMF

REA
(cm2)

RBF
(cm)

%IMF

IMFST

-----

0.38

0.02
ns

-----

0.31

-0.08
ns
-0.15
ns
-0.46
ns

IMFST

-----

-----

RF
(cm)
GMD
(cm)
GMDST

RF
(cm)

GMD
(cm)

0.33

0.60

0.33

0.32

0.14

0.21

-0.13
ns

-0.19
ns

-----

0.27

-----

GMDST

-0.23
ns
-0.25
ns
-0.55
ns
0.78

-0.24
ns
-0.32
ns
-----

ns = not significant
REA= ribeye area

RBF= rib fat

%IMF = percentage intramuscular fat

RF= rump fat

GMD= gluteus medius depth

IMFST= intramuscular fat stress
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Table 5.1. (continued)

Item
REA
(cm2)
RBF
(cm)
%IMF
IMFST
RF
(cm)
GMD
(cm)
GMDST
BCS

BCS

BW
(kg)

P4
(ng/ml)

0.62

0.80

0.16

0.45

0.47

0.19

-0.24
ns

0.11
ns
-0.12
ns

0.37

0.36

-0.93
ns
-0.51
ns
0.02
ns

0.72

0.70

0.18

-0.36
ns

-0.30
ns

-0.07
ns

-----

0.73

0.16

-----

0.15

0.26

BW
(kg)
P4
(ng/ml)
COR
(ug/dl)
CHL
(ng/dl)
ns = not significant

-----

BCS= body condition score
BW= body weight
P4= progesterone
COR= cortisol
CHL= cholesterol

COR
(ug/dl)
-0.21
ns
-0.31
ns
-0.83
ns
0.21

-0.29
ns
-0.29
ns
0.22

-0.27
ns
-0.32
ns
0.19

-----

CHL
(ng/dl)
0.32
0.27
0.23

-0.17
ns
0.27
0.32

-0.26
ns
0.36
0.44

-0.05
ns
-0.28
ns
-----
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Discussion
With respect to body composition traits throughout the 84-d feeding period, REA,
BW and BCS had a linear increase among all treatment groups. Correlations among body
composition traits pooled across the 84-d study period within treatment groups
demonstrated that REA exhibited a strong relationship with BW, and a moderate
correlation with BCS. Similar results were reported by Hall et al. (1995), who found that
75 and 13 d prior to puberty that BW, REA and BCS increased linearly as puberty
approached in beef heifers. Leaflet (2001) also reported that heifers that were further
along in their growth and development, as evidenced by heavier weights and larger
ribeyes, were more likely to have a higher reproductive tract score (RTS) and to be
cycling at one year of age. A similar result was found in the present study with respect to
RTS, where the CON group had a greater (P < 0.03) RTS among treatment groups. The
fat deposition traits such as RBF and RF had a (P < 0.0001) linear increase in fat
deposition for all treatment groups over time; however no difference (P = 0.10) was
found among treatments. Numerically, RBF and RF deposition were greater for HF group
than LF and CON groups, which demonstrated that the use of fat supplements might play
a positive response in the fat accretion of these traits. Berg and Butterfield (1976) and
Berg and Walters (1983) reported that energy density of the diet has been recognized to
influence beef cattle fatness. In spite of only numerical differences being found in the
present study with respect to some body composition traits such as REA, RBF, GMD,
RF, and BW, the use of dietary fat supplements over time had a positive influence on
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animal development. Felton and Kerley (2004) reported that feeding additional fat in the
diet, regardless of source in the diet, did not alter final BW, total weight gain, or average
daily gain (ADG). Similar findings were observed by Myers et al. (1999) reporting that
enhanced ADG, feed efficiency, and decreased feed intake were found in beef steers fed
dietary fat supplements after weaning than steers grazed only on pastures. However, no
differences were observed between treatments for carcass weight, external fat thickness,
longissimus muscle area and yield grade. A positive association among fat depots such as
RBF and RF with serum concentrations of CHL was also found in the present study for
the HF group. These findings might suggest that this positive relationship has been
influenced by the use of supplemental dietary fat in the diet. A majority of the
investigations into body composition of heifers at puberty have focused on indirect
estimates of carcass composition (Short and Bellows, 1971; Brooks et al., 1985; Hopper
et al., 1993). In the present study a linear increase of body composition traits such as RBF
and RF were observed, and these findings might positively influence the hasting of
puberty. As pooled across treatment groups, other body composition traits such as REA,
%IMF, GMD and BW also had a positive association (P < 0.001) with serum
concentrations of CHL. Buckley et al. (1990) similarly reported a dramatic increase in
internal fat stores in beef heifers between 8 and 14 months of age, a time that normally
corresponds to puberty onset.
Studies have shown that dietary fat supplementation might influence reproductive
performance by influencing ovarian follicular activity and circulatory hormone
concentrations, such as cholesterol availability and serum concentrations of progesterone.
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Cholesterol (CHL) has been identified as the obligatory precursor of progesterone
(P4), and changes in either its cellular concentration or metabolism might, therefore, be
expected to play a central role in regulating progesterone biosynthesis (Henderson et al.,
1981). In the present study, over time, the HF group had greater (P < 0.03) serum
concentrations of CHL than the LF and CON groups. However, overall, serum
concentrations of P4 among cycling heifers (d 0 to 63) tended to be greater (P = 0.10) for
the CON group than the LF and HF groups. Therefore, according to serum concentrations
of P4 from d 0 to d 63 within group, 44, 39 and 55% of the heifers from the LF, HF and
CON groups, respectively developed a functional CL; as indicated by serum
concentrations of P4 greater than 2 ng/ml. The ascendant slope in serum concentrations of
P4 between d 63 and d 84 for all treatment groups might be due to use of a CIDR, which
was inserted on d 77 and removed on d 84. After 63 d of the study period, the greatest
percentage (35.7%) of heifers exhibiting estrus post-CIDR removal were for the CON
and HF groups. Studies by Staples et al. (1998) reported that increased concentrations of
plasma P4 have been associated with improved conception rates of lactating cows. This
finding comes in agreement with the current study, where heifers in the CON group, over
time, tended to have the greatest serum concentrations of P4 (P < 0.05) as well as the
greatest numerical pregnancy rate (64.3%) compared to the HF (50%) and LF (14.3%)
groups. In addition, RTS measurements taken on d 77 with the objective to subjectively
quantify a indicator of pubertal status and breeding potential of the heifers were
significantly greater for the CON group compared to the HF and LF groups. In summary,
increased reproduction performance in the present study was observed for heifers in CON
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group, which exhibited the highest serum concentrations of P4, the greatest RTS and as a
consequence the highest pregnancy rate among treatment groups.
Blood samples from animals in HF group, which were fed Fuzzpellet cottonseed,
were collected for gossypol toxicity on d 0 and d 84. No detrimental effects were
observed (P = 0.10) on reproductive performance for animals fed Fuzzpellet diet
compared with animals not fed Fuzzpellet diet. Similar results were reported by Gray et
al. (1993) feeding postpubertal beef heifers for 62-d with dietary free gossypol. Over
time, the 0.65% level of erythrocyte fragility, which is considered as critical level of
significance to impair reproductive performance in beef cattle, had a significant (P <
0.05) decrease of 0.15 to 0.028% of hemolysis for animals fed Fuzzpellet cottonseed.
Velasquez et al. (1998) feeding beef heifers with diet containing gossypol, found that at
0.65% level of erythrocyte fragility, the percentage of hemolysis above 5% differed (P <
0.05) between animals fed dietary gossypol and animals not fed dietary gossypol;
however no detrimental effects on reproductive performance were observed in animals
fed dietary gossypol.
Among the fat deposition traits, overall %IMF had a significant increase for the
CON group compared to HF and LF groups, and %IMF was negatively correlated with
IMFST. However, IMFST also tended to differ for the HF group in comparison with LF
and CON groups, but no difference in %IMF relative to the overall feeding period.
According to Stahringer et al. (1989), heifers with excitable behavior had higher serum
concentrations of cortisol, and it might compromise an animal’s performance. In the
present study serum concentrations of COR have a positive relationship with IMFST and
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GMDST, and a negative relationship was observed among body composition traits such
as REA, RBF, %IMF, RF, GMD and BW among treatment groups over time. Similar
results with respect to %IMF were observed by Kreikemeier et al. (1998), which found
that the decrease of % IMF was positively, correlated with increases in the physical
stress. Subjective measurement of IMFST score when correlated to GMDST score had a
stronger positive relationship as pooled across treatment groups in this study. To
indirectly reinforce the stress responses with metabolic changes in serum concentrations
of COR, a subjective stress measurement (Grandin, 1993) was measured on d 77 to
represent the behavioral effect of animals during handling. According to Grandin (1997),
animals trained and habituated to a routinely handling may have baseline cortisol levels
and be behaviorally calm, whereas extensively reared animals with an excitable
disposition may have very high cortisol levels and show extreme behavioral agitation
during handling. Percentage of IMF and IMFST were acquired 14 d before and 7 d after
assessments of temperament among heifers across all treatment groups, and heifers
stratified as temperamental exhibited a moderate correlation with IMFST, but did not
differ (P = 0.10) relative to assessments of %IMF acquired between d 63 and d 84.
Overall serum concentrations of COR did not differ among treatment groups, and serum
concentrations of COR were not correlated with assessments of temperament among
heifers across all treatment groups; however temperamental heifers were observed to
have a higher IMFST score. Within group, only on d 84 did the CON group did differ in
serum concentrations of COR from the HF and LF groups.
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With respect to pasture availability and animal performance, the HF group had the
greatest HM and numerically the greatest average daily gain (ADG) when compared with
the LF and CON groups. However, animal response and HM may not always be highly
associated across treatments because they are indirectly related. According to Burns
(1989), animal performance is a direct effect of the quality and quantity of the prehended
herbage. In the present study, quality attributes of the ryegrass pastures, ADF, NDF and
CP, were not different (P = 0.10) among treatment groups. These findings suggest that
feeding 3% dietary fat supplement to heifers in the HF group positively influenced
animal performance, but it appears that animals had less pasture. Mean CGR was
measured to evaluate forage regrowth and values were expressed based on kg/ha-1/d-1.
Crop growth (P = 0.10) rate was similar across treatments. These findings suggest that
the possibility of greater consumption of ryegrass by the LF and CON group than HF
group; however animal performance did not differ among treatment groups.
Metabolically, serum concentrations of CHL, P4 and COR were not correlated with
animal performance as measured as ADG among treatment groups over time. Otherwise
final BW had a positive relationship (P < 0.07) with serum concentrations of CHL over
time, and BCS tended to have a similar association. These findings reinforce that BW and
BCS are good indicators of an animal’s body reserves, and that metabolic changes in
hormones such as CHL might be influenced by change in BW and BCS. Therefore, in the
present study, the association between BW and BCS as pooled across treatment groups
exhibited a positive strong correlation. Otherwise, serum concentrations of CHL for
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dietary fat treatment groups (HF + LF) differed (P < 0.05) from CON group on d 42, 63
and 84 of the study period.

Implications
The use of dietary fat supplementation did not influence growth, body
composition traits or reproductive performance over heifers grazing ryegrass pasture
alone. However, heifers fed 3% dietary fat supplement outperformed heifers fed the 1.5%
dietary fat supplement and heifers grazing annual ryegrass pasture alone with respect to
some carcass traits, such as RBF, RF, %IMF and GMD. The positive association of body
composition traits such as RBF and RF with serum concentrations of cholesterol is a
positive signal that dietary fat supplements might influence the mechanisms of body
mediating energy stores and stimulates relevant changes in metabolic hormones. The
aforementioned fat deposition traits have direct relevance significance in development of
commercial beef heifers; especially when animals are marketed based on carcass grade.
Heifers stratified as temperamental had reduced body composition quality traits, and
consequently lower growth performance. Forage availability increased when animals
were supplemented with 3% dietary fat. Therefore, dietary energy density from 3%
dietary fat also had an apparent influence on grazing behavior and in the animal’s body
weight at the time of breeding.

CHAPTER VI
THE USE OF REAL-TIME ULTRASOUND TO ASSESS
BODY COMPOSITION TRAITS AS A DECISION
TOOL IN REPLACEMENT BEEF
HEIFER PROGRAMS

Introduction
Recent changes in livestock pricing arrangements have created greater interest in
the use of alternative technologies to improve livestock efficiency and beef quality. Real
time ultrasound technology (RTU) is a management tool that provides information about
relevant carcass characteristics of live animals. Research indicates a positive correlation
(moderate to high) between carcass and ultrasound measurements of key physical traits
(Brethour, 2000). Estimation of carcass characteristics in live animals potentially allows
for sorting and selecting animals to be retained for finishing as well as allowing better
projections as to the length of the animals’ time on feed and target end point. Although
this technology has been frequently applied to decisions in the finishing phase of
production, little work has been done concerning the potential use of this technology in
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other aspects of beef production (Anderson et. al., 2001). Live animal ultrasound
measurements can be used to predict not only carcass quality and yield grades prior to
slaughter; they also can be a good physiological estimator of animal development and
subsequent physiological functions throughout the animal’s lifetime.
Replacement beef heifers represent an important investment in the genetic
improvement of the cow-calf enterprise and as such are crucial to the future profitability
of the cow/calf operation. In this context, the use of RTU technology allows the
measurement of the physical attributes of females being considered as replacement
animals. This relationship between RTU information and key physiological
characteristics (such as age of puberty) could provide a useful means of improving
genetic selection decisions. Specifically, RTU measurements may be of value in
predicting which heifers are most likely to successfully reach puberty at the youngest age
and conceive in an artificial breeding program and which animals should be marketed
(either sold or retained) as feeder cattle. Reducing the number of heifers that fail to reach
puberty at a normal physiologic age (12 – 15 months) or that may not conceive in
advanced artificial breeding systems could represent an important means of improving
returns to such programs. Since heifers typically replace 10 to 20 percent of the cow herd
each year, heifer selection and development decisions significantly affect a cow/calf
operation’s productivity and profitability. This productivity and profitability is largely
dependant upon reproductive performance. Research has shown that heifers calving early
in their first calving season continued to calve early and wean heavier calves throughout
their lifetime than later calving heifers (Lesmeister et al., 1973). Consequently, the
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growth and development of the replacement female as well as her fertility is one of
the most economically important traits to the cow-calf producer. Real time ultrasound has
been developed as an effective tool for breeders to use in measuring body composition
traits. Steiner (1987) suggested that changes in metabolism result in metabolic signals
that are the cues for onset of puberty. RTU can potentially measure and accurately
estimate some physiological changes and carcass attributes that are associated with the
onset of puberty and that seem to be related to the reproductive performance of female
beef cattle. Considerable research has been done on the issue of culling and replacement
decisions in the management of beef cattle herds. Meek et al. (2005) note that production
systems may differ in the manner in which breeding females are acquired. For example,
producers may choose to purchase competitively priced 4-year old replacements, as
opposed to bred heifers, thus reducing the risk of reproductive failure and potentially
providing greater future net returns. They advocate comparing alternative cattle
production systems using net present value in order to assess the investment potential of
each system.
Ibendahl et al. (2004) evaluated culling and replacement decisions using net
present value. Their research finds that replacing open cows with bred heifers is not
always the most profitable decision, depending on the relationship between cull cow and
heifer prices and expected calf prices. Similar results were observed by Tronstad and
Gumm (1994), which investigated culling and replacement decisions in the context of an
operation with bi-annual calving (i.e., both a spring and a fall calving season). While this
previous work deals directly with the issue of when mature cows should be replaced in
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the breeding herd, none deals with the issue of deciding how to select heifers for
breeding.
Ultrasound technology may offer the potential to improve decision making related
to heifer retention decisions. In one of the first articles examining the economic benefit of
ultrasound technology, Koontz et al. (2000) reported that the use of ultrasound data to
sort cattle in a feedlot 80 d prior to slaughter could potentially increase profitability and
efficiency within the beef production system. Their results indicate that sorting cattle in
the feedlot exhibits diminishing marginal returns and that simple sorting regimes capture
most of the benefits. Lusk et al. (2003) evaluated the potential of ultrasound readings
taken in the feedlot to guide fed cattle pricing decisions. They found that ultrasound
measurements can be used to make reasonable predictions of actual carcass merits and
that sorting cattle for live, dressed, or grid pricing based on those predictions could
increase returns by as much as $25 per head compared to marketing all cattle on a live
basis. However, no study has evaluated the economic benefit of sorting replacement beef
heifers before a specific breeding or finishing program.
Focusing on the aforementioned characteristics and the potential benefit that RTU
can bring to a replacement beef heifer breeding program, the objective of this study was
to determine whether or not RTU information can be used to improve beef heifer
retention decisions. Specifically, this study will quantify the value of ultrasound
information on the relevant physical characteristics of yearling beef heifers in selecting
individual animals to include in a replacement heifer development program. This work is
unique in two important respects. First, while the value of ultrasound information for
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making marketing decision is explored in recent agricultural economics literature
(Lusk et al., 2003), investigations into the value of this technology in evaluating
production decisions are scarce. Second, this research will measure the value of
ultrasound information with reference to decision maker utility, which is a specific
degree of satisfaction associated with a particular distribution of economic outcomes
(e.g., ending wealth).
This expected utility framework, capturing the effect of information on not only
the level but also the variability of returns, has not been used in previous studies valuing
live animal ultrasound information as a decision tool for livestock production. The
effects of risk on heifer retention decisions will be accounted in the analysis by
calculating certainty equivalents (CE) for either using or not using ultrasound technology
as a decision strategy. A CE represents the certain outcome that a decision maker would
be willing to take in exchange for giving up a risky outcome (which would generally
have an expected value higher than the CE). Thus the difference between the average
value of a risky outcome and the CE’s value will be the risk premium that the producer
will be willing to pay (or, in this case to forego) in order to avoid a particular risk (in this
case, the financial risk associated with heifers that fail to successfully breed).
Previous studies highlight the potential use of ultrasound technology as an aid to
marketing decisions. This study focuses on the potential value of ultrasound technology
in informing on-farm production management decisions; specifically, the decision of
which females to retain into a development and breeding program. Due to the long
amount of time required for a heifer development program and to the introduction of
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additional production risks (e.g., risk of failure to conceive in addition to usual
morbidity/mortality risks), the benefits of improved cattle retention decisions are
potentially significant.

Materials and Methods

Animal, Management and Sample Collection
Data for this study was collected from 138 Angus-crossbreed heifers between 11
and 13 months of age from a replacement heifer development project conducted at
Mississippi State University’s Brown Loam Experiment Station (Raymond, MS) over
two years (2004 and 2005). Each of these heifers was placed into one of three
backgrounding programs as follows: high fat diet (HF), low fat diet (LF) and no
supplemental fat diet (CON). At that time, heifers were selected by age, weight and breed
type, and ultrasound readings were taken on each heifer. Measurements for body
composition traits were taken using real time ultrasound (Aloka SSD 500V ultrasound
machine equipped with a 3.5-MHz, 172-mm transducer; Aloka Co. Ltd., Wallingford,
CT). Ultrasound data collected included measures of percentage intra-muscular fat
(%IMF), rib fat (RBF), rump fat (RF), gluteus medium depth (GMD) and ribeye area
(REA). The Beef Image Analysis (BIA) software from Designer Genes Technologies,
Inc. (Harrison, AR), was used to, determine values of %IMF, ribeye area (REA), and rib
fat (RBF). After 84 d in the backgrounding program, heifers were artificially
synchronized with a progesterone implant (EAZI BREED CIDR, Pfizer Animal
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Health, New York, NY). Prior to receiving the progesterone implant, ultrasound
readings were repeated, and each heifer was examined trans-rectally to assign a
reproductive tract score (RTS: 1 to 5) to estimate pubertal status and subsequent breeding
potential (Andersen et al., 1991). Seven days after CIDR insertion, the CIDR was
removed and animals were administered an IM injection of prostaglandin (PGF2α; Pfizer
Animal Health, New York, NY). Visual heat detection was observed, and animals were
artificially inseminated (AI) upon visual heat detection. Animals that were not observed
in estrus were fixed time AI (TAI) 72 hours after CIDR removal. Rectal palpation for
pregnancy was performed 60 d after AI.

Theoretical model
The basic process of determining the value of ultrasound information in selecting
heifers for a breeding program was determined through a three-step process. First, the
pregnancy status of each heifer after artificial breeding was used to develop two logit
models. The first predicted whether or not a heifer would be successfully bred using
readily observable explanatory variables (weight, age, reproductive tract score (RTS),
average daily gain during backgrounding, etc.). The second model included ultrasound
information. Equations 1 and 2 describe the general form of these models.

1)

Prob (Bred = 1) = f(YEAR, TREATi, AGE, WT, BCS, RTS), and

2)

Prob (Bred = 1) = f(YEAR, TREATi, AGE, WT, BCS, RTS, USDATi),
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where Bred was a binary variable with a value of 1 if the animal was found to be bred
60 ds after artificial insemination. YEAR was a binary variable with a value of 1 for
observations from year 1 of the heifer development study and a value of 0 for
observations from year 2. TREATi was a binary variable associated with supplemental
feed treatment (i) in the heifer development study. There were three different
supplementation groups in the development study, each differing in the level of fat
supplied. AGE, WT, BCS, and RTS were, respectively, variables or combinations of
variables describing the age, weight, body condition score, and reproductive tract score of
the heifer at the time the ultrasound reading was taken. In equation 2, USDATi stands for
the ultrasound measurement of physiological characteristic (i).
The second step in the process of estimating the value of ultrasound data in heifer
retention decisions was to use the results of the models from equations 1 and 2 to sort
heifers into two groups: one to be sold as feeder cattle, and the other to enter the heifer
development program. Heifers that were successfully bred were valued as replacement
breeding stock according to existing budgets. Heifers that failed to breed were valued as
feeder cattle (using prices appropriate to their weight). Costs for the replacement heifer
development operation are determined from an existing enterprise budgeted (Missouri
Show-me-Select Replacement Heifer Program).
The final step in estimating ultrasound value in this study was to use historic
feeder and replacement heifer prices in a stochastic simulation to determine expected
utility from three alternative sorting protocols: placing all heifers in the development
program (i.e., no sorting), sorting based on external physical characteristics (equation 1),
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and sorting based on external physical characteristics and ultrasound information
(equation 2). Certainty equivalents were calculated using a constant relative risk aversion
(CRRA) utility function. The CRRA utility function is represented mathematically as
n

(3)

E(U)r = ∑ωi
i =1

Wi1−r
, r ≠1
1− r

or
n

(4)

E(U) r = ∑ ω i ln(Wi ), r = 1,
i =1

where Wi = W0 + NRi, r was a risk aversion coefficient, and ωi was the weight associated
with each observation i. Wi represents simulated ending wealth, and initial wealth is
represented by W0. Initial wealth was assumed to be $100,000. Utility values were
calculated for risk aversion coefficients of 1, 2, and 3, with r = 1 representing slight, r = 2
representing moderate, and r = 3 representing high-risk aversion. Certainty equivalents
for each hedge ratio were calculated by inverting Equation 3 or 4 – solving for the level
of certain net return that would result in an observed level of utility (Hardaker, Huirne,
and Anderson, 1997). The value of ultrasound information was taken to be the difference
in certainty equivalents between the latter two sorting strategies.
The basic process of determining ultrasound value was repeated for a comparison
of two different decision points. First, Equations 1 and 2 were estimated using
information available prior to backgrounding (i.e., initial ultrasound readings and visual
information available at that time). This allows heifers that were not expected to breed to
be sorted out and sold as stocker or feeder calves prior to backgrounding. Alternatively,
Equations 1 and 2 will be estimated using information available at the time progesterone
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implants were applied (i.e., ultrasound readings taken at d 84 of the program and
visual information available at that time, including reproductive tract scores). If the
prediction from the logit model was that the animal would not breed, she was valued as
feeder animal and not artificially bred, though the backgrounding phase of the operation
has basically already been completed. The specific variables used in estimating Equations
1 and 2 using data from both D 0 (initial ultrasound readings) and D 84 (progesterone
implant) were named and described in Table 1.

Results and Discussion
The results of the estimation of Equations 1 and 2 are reported in Table 2,
including estimates made using both initial observations and observations taken at
progesterone implanting. Note that the models using data from d 0 and d 84 do not use
the same variables. This is true both of the models using visual data only as well as the
models incorporating ultrasound information. The d 84 models were initially estimated
using the same variables as those in the d 0 model; however, alternative specifications as
reported in Table 2 were found to have greater statistical significance. For example, in
the models using only visual data, the estimated parameter on weight per d of age was not
significant on d 0, but it was on d 84. This may reflect the impact of performance (in
terms of weight gain) during the backgrounding phase. Hopper et al. (1993)
supplemented Angus prepubertal beef heifers to gain 1 kg/d with soybean by-products on
ryegrass pasture and reported that 15 weeks before puberty heifers were heavier at
puberty (P < 0.05) than heifers that were not supplemented.
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In the models incorporating ultrasound data, parameters on gluteus medius
depth, which is an important estimator of percentage retail product, linear and quadratic
variables were significant on d 0 but not on d 84. Hamlin et al. (1995), reported that
predictors of retail product percentage based on ultrasound technology explained only
about 10% less variation than carcass measures. Conversely, the significance of ribeye
area was much greater on d 84 than on d 0, and parameters on rump fat, which had been
investigated using d 0 data and found not significant, were also found to be highly
significant on d 84. Again, the logical explanation for these differences is that certain
variables, such as ribeye area and rump fat, provide a superior measure of growth and
performance over the very critical backgrounding phase of heifer development. Similar
results were also observed by Leaflet (2001) reporting data from carcass characteristics
and reproductive performance on yearling beef heifers showing that heavier heifers
tended to have more rump fat than lighter heifers. As a consequence, heavier heifers with
more rump fat are more likely to have more mature reproductive tracts at breeding and
successful chances to early breed. Previous research (Leaflet, 2001) also supports the
notion that heifers that are further along in growth and development, as evidenced by
heavier weights, larger ribeye areas and more rump fat, are more likely to have higher
reproductive tract scores and to be cycling at one year of age.
Probability estimates from equations in Table 2 were used to sort heifers into
different groups. In the first analysis using data from d 0 (the beginning of heifer
backgrounding), if the predicted probability of the heifer being successfully bred was less
than 0.50, then the heifer was valued as a stocker calf being sold at that time. Otherwise if
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the predicted probability was over 0.50, then heifers were valued as a future
replacement. A stocker calf production cost of $350 was assessed to determine a net
return for the calf. Other calves were valued as having been retained for heifer
development and artificial breeding. These heifers were valued as either bred heifers, if
successfully bred, or as commercial feeder cattle, if not successfully bred. Additional
costs of $225 for backgrounding prior to breeding, $46.10 for progesterone implants and
breeding, and $50 for maintenance and development costs from breeding to pregnancy
check were assessed.
Historic stocker and feeder cattle prices from Oklahoma City for the period 1991
through 2005 were used to stochastically simulate 5,000 possible outcomes for stocker,
feeder, and bred heifer prices. Bred heifer prices are not readily available; however,
prices from the Missouri Show-Me Select Heifer sale from 1998 through 2004 are
available. The correlation between these prices and the Oklahoma City feeder heifer price
series was very high (0.96). On average, the bred heifer prices were about 150% of the
commercial feeder heifer price (ranging from 136% to 159%). Consequently, rather than
simulate a separate bred heifer price series with limited data, simulated commercial
feeder heifer prices were scaled up by 150% to derive a stochastic bred heifer price
series. Sensitivity analysis was conducted to assess the affect of alternative assumptions
about backgrounding costs and bred heifer premiums on results.
Calculated certainty equivalents for no sorting, sorting based on visual
characteristics observed at the beginning of backgrounding, and sorting based on
ultrasound readings taken at the beginning of backgrounding are reported in Table 3.
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These results in the present study indicate that there is generally some positive value
to the RTU data, however that value is rather small on a per head basis. Also, other
studies where the use of new technology such as artificial insemination was employed to
improve biological performance in beef cattle, has not necessarily led to increased
profitability among commercial cow-calf producers (Bourdoun, 1999).
While the certainty equivalent (Table 3) associated with placing all cattle into the
development program goes down as heifer development costs go up, the difference in
certainty equivalents between the sorting model using visual characteristics and that
using RTU data actually declines. Errors in both models tend to be in under predicting the
number of cattle that will breed. These cattle are valued as stocker cattle, and returns on
these cattle are not influenced by increases in backgrounding or development costs.
At lower bred heifer values (lower premium relative to commercial heifer value),
the value of ultrasound data is reduced. This results from the fact that at lower bred heifer
prices, the value of accurately placing cattle into a breeding program is reduced.
The value of ultrasound data taken at d 84 (at progesterone implant) was also
investigated. While ultrasound readings taken at this point do help to improve predictions
of which cattle will successfully breed, the value of those predictions is limited by the
fact that most of the costs associated with heifer development have already been incurred
by the time this ultrasound data is collected. Sorting based on ultrasound data taken at
progesterone implant actually resulted in a lower certainty equivalent than placing all
cattle into the breeding program. This lower value when valued per head based on the
present study doesn’t offset the cost of RTU readings. Some ultrasound technicians
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reportedly charge $10/head to $17/head on an ultrasound measurement (Skalland,
2001). However, the reason for this result is that the reduction in costs associated with
animals that are accurately culled from the breeding program is not sufficient to offset the
foregone income from animals that are inaccurately culled from the breeding program
and which could have been sold as higher valued bred heifers. Therefore, the certainty
equivalent value from the alternative heifer sorting strategies, including those based on
RTU data taken prior to backgrounding, have an accentuated decline when risk aversion
coefficients increase. According to Tassel et al. (1997) cow/calf producers are generally
more risk averse individuals that prefer to accept a lower expected return as long as it is
accompanied by a lower oscillation of income.
The results found in the present study were based on 138-replacement beef
heifers, which represent a medium size beef producer in United States. However, some
literature on technology and specifically on best management practices in livestock
operations (Rahelizatovo and Gillespies, 2004) expected that larger farmers are more
likely to adopt alternative technologies. The desired new technology for most of these
farmers is due to their greater propensity to spread the cost of the adoption over more
units of production, thereby reducing average total cost.
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Table 6.1. Description of Variables used in Estimating Logit Model to Predict
Outcome of Artificial Breeding of Beef Heifers.
Independent
Variable

Variable Description

Year

binary variable identifying the year of the heifer development study (2004 / 2005)

BCS

body condition score of heifer (1 to 9) as assessed on D 0 and D 84

WT_DOA

weight per d of age (heifer weight divided by age in ds)

TREAT1

denotes supplementation with a low % fat (low energy) feed supplement

TREAT2

denotes supplementation with a high % fat (high energy) feed supplement

TREAT3

denotes supplementation with protein tubs

TREAT4

denotes supplementation with cottonseed-based ration

REA

rib-eye area (in square inches) estimated with RTU

D_REA

change in RTU estimate of ribeye area from D 0 to D 84

GMD

gluteus medius depth (in inches) estimated with RTU

RF

rump fat depth (in inches) estimated with RTU
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Table 6.2. Estimated Parameters for Logit Model to Predict Outcome of Artificial
Breeding of Beef Heifers using Visual and Real-time Ultrasound Data
Independent
Variable
Intercept

Visual Data
D0
D 84
-6.916 ***

Year

0.212

BCS

1.377 ***

-5.755 ***
0.506

TREAT1

-0.259

TREAT2

0.617

-34.275 **
1.036

-30.077 ***
1.046

1.086 ***
3.279 ***

WT_DOA

Ultrasound Data
D0
D 84

0.270
1.208 *

-0.494

0.038

0.311

0.989

TREAT3

-2.484 ***

-2.533 ***

-2.899 ***

-2.776 ***

TREAT4

-0.344

-0.563

-0.480

-0.544

REA

0.765 ***

2

6.271 ***

REA

-0.322 ***

D_REA

-1.153 ***

GMD

8.476 *

GMD2

-0.762 **

RF
2

RF

7.344 *
-4.775 *

Note: Single, double, and triple asterisks denote significance at the 10%, 5%, and 1% level, respectively.
n = 138. Superscript 2 represents a quadratic function.
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Table 6.3. Certainty Equivalents from Alternative Heifer Sorting Strategies Including
Sorting Based on Real Time Ultrasound (RTU) Data Taken Prior to
Backgrounding.
Backgrounding
Cost ($/head) No Sort

No RTU Data

RTU Data

Total ($) RTU Value
RTU Value
per Head

185
225
260

Risk aversion coefficient = 1
30,392
31,100
31,616
25,631
28,386
28,666
19,975
24,481
24,552

515
280
71

3.73
2.03
0.52

185
225
260

29,225
23,674
18,037

Risk aversion coefficient = 2
30,415
30,873
26,892
27,114
23,317
23,298

458
223
-20

3.32
1.61
-0.14

185
225
260

27,003
21,665
16,160

Risk aversion coefficient = 3
28,673
29,068
25,545
25,688
21,928
21,851

395
143
-77

2.86
1.04
-0.56

Note: RTU value per head is based on 138 head of cattle.
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Implications
Ultrasound measures taken at the beginning of the heifer development program,
which allowed cattle with a low probability of breeding to be sorted out as stocker calves,
were found to have a positive value in most cases. This value was relatively small,
however, and is not likely to be sufficient to cover the costs associated with obtaining the
ultrasound information. Ultrasound data collected later in the heifer development
program improved the ability to predict which animals would successfully breed.
Because of the fact that most of the costs associated with heifer development had already
been incurred at the time this data was collected, this ultrasound data had little value
compared to sorting on visual data or even not sorting at all (i.e., breeding all heifers).
It is very possible that real-time ultrasound data on replacement females could
have additional value beyond simply predicting fertility. Relationships between female
carcass merits and the carcass merits of offspring could serve as a useful means of
predicting grade and yield of those offspring. This would mean that ultrasound data on
females could potentially be used as a guide for making marketing decisions based on
their offspring in a similar fashion to that investigated in Koontz et al. (2000) and Lusk et
al. (2003). Producers should consider investing in alternative technologies when such
technology largely depends on benefits relative to costs. However a producer’s attitude
towards risk attitudes may have important implications for the adoption of an alternative
technology in their cow-calf enterprise.

CHAPTER VII
GENERAL CONCLUSION
Previous studies have shown that feeding replacement beef heifers with dietary fat
supplements either in a ryegrass grazing system or drylot results in different animal
responses from one study to another. This variation might be influenced by a variety of
independent variables including, the type of fat found in the diet, the source of nutrients
used to elaborate the diet, the exact amount of diet ingested by each particular animal, in
a group feeding setting, environmental influences on forage quality, variation in herd
management, and other physiological responses which might cause variations in animal
performance. In the present studies, when animals in a ryegrass pasture system were fed
with a dietary fat supplementation did not affect reproductive performance in any of these
studies (Chapter III, IV and V). However, where dietary fat supplementation in a drylot
system was compared to dietary fat supplementation in a ryegrass grazing system,
animals grazing ryegrass outperformed animals in a drylot system with respect to growth
and body composition traits (Chapter IV). Due to the limited numbers of studies found in
the animal science literature, with respect to the use of dietary fat supplements in a drylot
system compared to grazing systems, more studies have to be conducted to examine the
effects of different dietary supplementation systems on growth and reproductive
performance of replacement beef heifers.
192

193
As expected, by using dietary fat supplements in the present studies, in
accordance with results found in other studies in the animal science literature, the amount
of fat in the diet in a 84-d feeding period (Spring 2004) did positively influence some
body composition traits such as %IMF, RF and RBF in animals supplemented with 5%
fat in the diet (Chapter IV). Similar results, but not statistically significant, were also
observed in Spring 2005 for heifers fed 3% dietary fat as a dietary supplement (Chapter
V). Forage measurements taken in Spring 2005 demonstrated that the use of dietary fat
supplementation in a grazing system had a positive influence on forage availability
(Chapter V), which might result in an increased stocking rate. Metabolically, the use of
dietary fat supplementation in the Spring 2005 study influenced serum concentrations of
cholesterol, which exhibited a positive association with RBF and RF traits (Chapter V).
However, pregnancy rate among treatment groups was not influenced by the amount of
fat in the diet in this study.
Temperamental heifers were found to exhibit negative performance characteristics
with respect to body composition and growth traits (Chapter V). These negative results
were found in most of the studies when the subjective measurement score for IMFST and
GMDST were compared with objectives measurements of %IMF, RBF and GMD
(Chapter III, IV and V). However, reproductive performance was not affected in
temperamental heifers in any of the studies when compared to calm heifers. Serum
concentrations of cortisol, used to measure metabolic changes associated with possible
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external stressors, along with disposition score assessments, showed a decrease as
acclimation to handling practices were achieved during the study-feeding period.
The use of live animal ultrasound in previous studies served as an alternative
technology to measure a heifer’s growth performance and provide managerial
information in a cow-calf enterprise. Studies relating to physiological characteristics such
as age of puberty and their relationship with body composition traits are scarce in the
animal science literature. Economically, the use of RTU information as a tool to improve
beef heifer retention decisions in our studies were not significant when compared to not
using this information (Chapter VI). However, the real value of RTU technology as an
alternative tool in predicting fertility or management decisions in a cow-calf operation
requires further investigation.
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APPENDIX A
RADIOIMMUNOASSAY PROCEDURE FOR
SERUM PROGESTERONE
ANALYSIS
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Analysis of serum concentrations of progesterone (P4) from the collected
(unknown) samples was conducted using DSL-3900 ACTIVE® Progesterone CoatedTube Radioimmunoassay kits (Diagnostic Systems Laboratory, Inc., Webster, TX). All
reagents, standards, quality controls and unknown samples were allowed to reach room
temperature (27ºC) and then thoroughly mixed before initiation of the assay. All
standards (0 to 60 ng/ml) were assayed in triplicate, while the quality controls (low P4,
high P4, pregnant cow and steer) and unknown samples were assayed in duplicate. The
first six non-coated tubes were assayed to determine total count and non-specific binding.
The standards, quality controls and unknown samples were added in 25 µl aliquots,
respectively, into the appropriate tube. Following this, all tubes immediately received 500
µl of Progesterone 125I reagent and were vortexed to ensure thorough mixing of the
reagent and sample. Tubes were then incubated at 4ºC for 18 to 22 hours followed by
iquid aspiration, except for the first six total count tubes. Tubes were placed in the
gamma counter (Cobra 5005, Packard Instrument Co., Inc., Boston, MA) and counted for
2 minutes to determine the radioactivity of each tube. A four-parameter standard curve
with a range of 0.075 to 60 ng/ml was used to determine sample serum concentrations of
P4. This radioimmunoassay procedure was previously validated in laboratory (see Gandy
et al., 2001).

APPENDIX B
RADIOIMMUNOASSAY PROCEDURE FOR
SERUM CORTISOL
ANALYSIS
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Analysis of serum concentrations of cortisol from the collected (unknown)
samples was conducted using COAT-A-COUNT® Cortisol Coated-Tube
Radioimmunoassay kits (Diagnostic Product Corporation, Los Angeles, CA). All
reagents, standards, quality controls and unknown samples were allowed to reach room
temperature (27ºC) and then thoroughly mixed before initiation of the assay. All
standards (0 to 50 ug/dl) were assayed in triplicate, while the quality controls (low
cortisol, high cortisol, pregnant cow, steer and stressed horse) and unknown samples
were assayed in duplicate. The first six non-coated tubes were assayed to determine total
count and non-specific binding. The standards, quality controls and unknown samples
were added in 25 µl aliquots, respectively, to the appropriate tube. Following this, all
tubes immediately received 500 µl of Cortisol 125I reagent and were vortexed to ensure
thorough mixing of the reagent and sample. Tubes were incubated at 4ºC for 18 to 22
hours followed by liquid aspiration, except for the first six total count tubes. Tubes were
placed in the gamma counter (Cobra 5005, Packard Instrument Co., Inc., Boston, MA)
and counted for 2 minutes to determine radioactivity of each tube. A four-parameter
standard curve with a range of 0.25 to 50 ug/dl was used to determine sample serum
concentrations of cortisol.

APPENDIX C
COLORIMETRIC ASSAY PROCEDURE FOR
SERUM CHOLESTEROL
ANALYSIS
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Analysis of serum concentrations of cholesterol from the collected (unknown)
samples was conducted using InfinityTM Cholesterol Liquid Stable Reagent Kit (Thermo
Electron Corporation, Louisville, CO) and Matrix PlusTM Cholesterol Reference
(Verichem Laboratories INC., Providence, Rhode Island). All reagents, standards,
quality controls and unknown samples were allowed to reach room temperature (30/37ºC)
and then thoroughly mixed before initiation of the assay. A 96 well plate MicrotestTM
(Becton Dickinson and Company Franklin Lakes, NJ) was used to place the standards,
controls and unknown samples. All standards (10 to 500 mg/dl), unknown samples and
quality controls (pool samples) were assayed in duplicate wells (3 ul aliquots per well).
The first seven duplicate wells were assayed with standards starting at a higher to lower
concentration. Following this, PBS was used as a blank, followed by the quality control
samples and unknown samples. Finally, the last duplicate well on the plate was again
assayed with a control sample. Next the 96 well plate with respective standards, blank,
control and unknown samples immediately received 300 µl of Cholesterol Reagent and
bubbles were eliminated manually with 27-gauge needle. The plate was taped, slightly
agitated to ensure thorough mixing of the reagent and sample, and incubated at room
temperature for 5 minutes. After incubation, the plate was placed in a clinical chemistry
analyzer capable of maintaining temperature (37ºC) and samples were measured at a
wavelength absorbance of 500 nm, using a Microplate Spectrophometer, SPECTRA Max
340 (Molecular Devices, Sunnyvale, CA). The linearity of assayed sample used to
determine serum concentrations of cholesterol were between 0 and 20 nmol/L as
recommended by Thermo Trace Corporation.

APPENDIX D
ERYTROCYTE FRAGILITY ASSAY PROCEDURE
FOR GOSSYPOL TOXICITY
ANALYSIS
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Analysis of erythrocyte fragility from the collected (unknown) samples was
measured as percentage of hemolysis using 1.0, 0.65, 0.55, and 0.0 % buffered (NaCl; pH
7.4) saline solutions (Nelson, 1979) to define the critical point at which to evaluate the
effect of gossypol toxicity on erythrocyte fragility. Five ml of each respective buffered
solution was placed into each test tube, and unknown samples were assayed in 0.02 ml
aliquots, into each tube. Following this, the solution in each test tube was thoroughly
mixed by gentle inversion and then allowed to stand at room temperature for 30 minutes.
Thereafter, tubes were centrifuged for 10 minutes at 2000 rpm. The supernatant from
each test tube was carefully decanted into freshly labeled tubes. The optical density of the
supernatant was read on a HP 8453 UV/VIS Spectrophotometer (HP invent, Palo Alto,
CA) at a wavelength of 540 nm using the supernatant from the 1.0% saline solution as a
blank. The optical density of the solution in the tube to which erythrocytes had been
added to 0% saline solution was taken as 100% hemolysis. An erythrocyte osmotic
fragiligram was then obtained by plotting percentage hemolysis against the concentration
of the saline solutions.

